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Frem year to year Soviet arctio worlers have been oarTying on
golentifio repearch work on the study of the course of the Nerthemn
Sea Route with unflagging energye. Along with this it is necessary
to emphasize that the perdod when navigation in the Avotio served
only solentific pesearch aims has been Jeft behind, The Soviet
Arctic Fleet, while not lessening the tempo of research opersations,
18 ever more and more solving the problem of the economic development

s R b

of the North.

At present maritime ghips are able to complete the necessary
freight and passenger operations and return to ports in the central
ard southern latitudes in the course of the short polar mavigation
geason, Only a few of them yemsin to winter in the diffioult con=
ditions of the Aretic Ocean.

The number of ships visiting ports of the Arctic inoreases with
each year., Along with this the coastwise fleet and awxlliary floating
units attached to arctic ports are growing end developing. Thousands

iy of new seamen and arctic port workers coms to the Arctic. For &

‘ majority of these it is necessary +o become acoustomed for the first

time to the peculisrities of arctic navigation and polar wintering.
Lacking suitable experience gained through practice, these people

must encounter completely new working conditicns, that is, follow the

b path travelled by their predecessors: here the same mistakes are often

repeated, and consequently he date of the final mastering of the Arctic
' o5 is postponed.
Fyrom these considerations we consider it necessary to share our

experience borrowed from others and verified in practice, in order to
facllitate and accelerate the work of new persons in the same profession.
Our observations and rescrmended measures concern the extrao:jdimily
important and signifioant question of pregerving and pepairing ships
under srotic conditions. i
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The recomuended meagures relate to the area of the port of
miksi end the mouths of the lena, Yona, Indigirka, and Kolyma
rivers. In our opinlenm, these meagures can be applied with uniform
guccess in arctic conditions wverywhere, that is, everyvhere there
are low temperatures throughout & long winter.

During the wintering pericd of 1936-1937 we made for the firet
time the successful attempt at deep and complete freszing-cut of the
sohooner Temp, having & araft of about 4 meters. An lce dock to &
depth exceeding L meters was out for the ship in the paturelly frozen
surrounding loe £101d4 which during the entire winter period was about
two meters thick. Making the dock permitted ue to reploce the worn
propellor, to repair the twisted rudder, and to make part of the lost
false keel.

Tn the following wintering pericd of 1937-1938, in spite of peorer
conditions, we were able to run & second test of the lce dook installation
and finieh full repair of the undervater part of the hull of the ship
by 1 April. These operations permitted us to avold sending the ship
into repair in a port (Arkhangel'sk or Murmansk), and thus unoonditionally
echieve large savings in time and money.

The wide introduction into the practice of the work of arctic ports
of winter repair of ships by freezing-out‘,uliﬁrA£he necegsity of hauling
the ships out onto the shore, and this is especially important for ports
which are not equipped with ship-raising equipment.

The positive results achieved in this period by freczing-out and
constructing & vprotective ice ring" for fishing boats wintering in
the strip of pack lce in the ice-navigation channel in the reglon of
Bykov Cape permits one to ralse the question of the solution of & not
leps important technical problem, the protection of ghips wihtering by
chance outside of port waters. Unfortunately, our experience in this
respact 1s still unique, and therefore we set it forth only as &

suggestion.
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In general, as is kmown, the distinguishing peouliarity of
navigating in arctio waters is the presence of ice of varying
thiokness almost the year round, The ico is uswally the reasen
for acoidents, especially when ships are forced to winter in the
open goa, The greatent damage, scmotimes even causing loss of
ships, is suffered by those ships which fall into the region of
the so-called drifting icu% that 18, tho ices which periadioully
go into motion, Under/n'td:‘o:; aonditions were lost, for instance, the
steamship Chelyusiin in 1934 and the steamship Rabochly in 1937,

In 1938, the steamships Tovarishch Stalin and Il'men', which
hed wintered in drifting ice in the 1937 navigation season, were
removed from the ico seriously damaged.

With the experience of the study of ice accidents, ship building
engineering must try to create a special type of transport ship capable,
through ite durability, if not of active struggle with the ice, as an
ice breaker, then in any case of resistance to 1ce pressure.

For operations in the coastal reglons of the Arotic it ie also
necessary to develop & special type of coastwlse and muxiliary ships.

The awciliary ships, evidently, must approximate the type of flatbottamed
river ships having a draft without cargo of not more than one meter.

These ships must be equipped for navigation in broken ice and through
flelde of newly formed sheet ice, which usually quickly cuts through
wooden hulls, All ships destined for arctic seas should have the most
durable hull with a thick assembly of connections both in the length-
wise and orosswise bracings,

The cargo capacity of ships for navigation from Murmansk or Arkhangel'sk
into the North Arctic Sea can be on the average about 1,000 tons. For
coastwise navigation between ports of the arctic the dimensions of the
ships can be considerably less, since these ships must base at those
points between which it navigates.
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One of the mout serious shorteomings for preserving coastwise
shipo in the Arctio is the lack in local ports of ship-ralsing
facilities and ship repair bases, in spite of the faet that in these
porte all ships need a yearly inspection and repair of the under=
vater part of the hull,

For saving ships damaged by ice pressure, up to now ice navigation
practice has not developed any definite rules giving alwaya positive
results, In general there is imown a series of measures helpful to
some degree to ships which have gotten into difficulties in the iose.

Seme captains, forced to winter in the open sea, first of all
try to lighten the ship by unloading it onto the ice, which reduces
the draft of the ship and makes it easier for the ship to force
itself out onto the ice under pressure, Af'ter the holds are unloaded,
so-called ice~beams are instelled in them, The ice beams are durdble
braces made of beams across the ship against the waterline with
lengthwise padding betwsen the ribs, These braces, which take upen
themaelves the force of the ice mreasure, save the hull of the ship
from cruching.

Finally, often in places where the ice pressure 1s strongest and
the ice humooks, it is :lasted with armmonal or any other explosive
material with the aim of breaking the large ice fragments threatening
the ship,

The first two measures were used, for example, on the steamship
Tovarishch Stalin, which as a result of wintering was bent severely
but had not lost its navigability., After being removed from the ice
it was able to move under its own power in open water,

For the almost identical steamship Rabochiy, under analagous
eonditions, these measures were not taken immediately, end the ship

was orushed by the lce,
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The enumerated measures for saving ships locked in the ice
in the open ses, so far as we kmow, just about exhaust the
poeeibilities whioh can be effected by ship's crews, When the
orews have not taken these measures, they have remained in the
role of passive spectators to the resulting strugele of technology
with nature and witnesses eithor of the victory of technology or of
serious demage and even loss of the ships,

In the present work, alongeide the technical means and measures
of protecting ships from ice damage when they are wintered in ports ,
we recommend one more method of protecting shipe wintering outside
of port waters, It is possible that this method, used independently
or jointly with other measures, will be able to give under lmowm
conditions the most positive results, In any case, our method has
proved itself when used for small ships in conditions of drifting

shore lce,

1, Putting the Ship up for the Winter

The choice of & place for putting the ship up for wintering is
cne of the most diffioult questions which must be decided by & polar
captain, And putting the ship up for freezing-out complicates this
eritical problem even more, since the success of the whole operation
of freeging-out and repair of the underwater part of the hull depends
upon the character of the wintering place and the position of the ship,

The cholce of a place for wintering is easier in closed basins

, where the metrorologleal conditions are known previously, where the

depth and condition of the ice during the winter are known, and is
more difficult in the 1ittle studled arcas in the gone of land floe.

In the latter case it is necessary to guide oneself by the data
of one's own measurings of the depths and relief of the shore and
elevations, The configuration of the elevations can influence the
formation of oracks in the ice, the degree of emow drifting in the
wintering place, ete,
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A ehip put wp under the proteation of a high shore can be
drifted to the gunwhales. Also & chip put up where the depth is
shallov, oan fall into the line of & so-called "tidal" orack formed
by the bresking of the shore floe when the water dropsj when the tide
moves in water will come to the surface of the 1ce through this orack
and flood the standing place and the prospective freesing-out place.

If an insignificant depth is left beneath the keel of the vescel,
for instance, 40-50 centimeters, in the procens of freezing-out it
may happen that the ice formo down to the bottom and fastens on to 1t.

With a lack of tidal fluctuations of the level of tho see, effecting
freezing-out st such & depth would be most favorable, since the soldd
freezing of the ice down to the bottom would remove Any possibility of
flooding the freezing-out fram the direction of the bottom.

On the other hand, 1%t 45 most dengerous %o let the ship grind
against the bottom, since the keel may freeze to the bottom, In
freazing=-out & ship it will be necessary to carry on exceptionally
heavy earth works 4n the frozen ground. Such works must be done only
in the extreme case vhere & ship is grounded on shore or on & sandbanke

Along the whole course of the Northern Sea Route in the coastal
zone and in the mouths of rivers there are tidal or drifting fluctuations
in the level of the sea of from several centimoters to a meter and
more. Therefore, in permitting freazing of freezing out the bottom,
it is possible to risk flooding it through the side eracks which can
appear if the ice rises with a tidal wave, From these considerations
4t 1a safer to offect wintering out in a deeper place with & reserve
of depth under the keel of not less than 1.5=2 meters.

The second, most important condition for putting up & ship for the
winter is the cholce of & correct position or course for it in relation
%o the prevailing direction of showstorms. It is Ymown that in arctic
conditions snow drifts attain a depth of from 5 to 10 meters in calms.
High abrupt shores bacome sloping after one or two snowstorms, and
this permits & gently pise from the sea to the dry land, as on an in-

clined plans., CONFIDRNTIAL
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As hag already been said, & ghip put up near such & shore will
be drifted in up to the superstructure.

1f a ship stands in an open place with its side toward a emowstorm,
it will firet be drifted againet aleng the whole windward side to a
level with the superstructure or with the plsnk-gheer and thon
gradually; thers viil be forned in frent of the chip a movbask,
and after several storms the ship will be the center of & large smow
hill,

It is almost impossible to combat the onow drifts by cleaning
with the ship in such a position. Snow cleaned away from the sides
only all the more aids the deposition of higher and wider enowbanks
with the following snowstorm, In order to avoid such drifts, it 1s
necessary to place the ship vith the narrowest part - bow or stern -
in the direction of the prevailing snow=bearing winds,

Experience has shown that it is best of all to place the ship
with not the bow, but the stern toward the prevailing storms.

In this, it is {taken into consideration that the wider stern
pert of the ship, pleced under the frontal attack of the storm, is
not drifted with smow. With the ship in such a position, the snow
drifts begin to acoumilate only directly behind the bow, and this
most narrow part of the ship is always more easily cleared of snow,
This practice of placing a ship for wintering has already been adopted
in the port of Tiksei, in the Bulunkan gulf. FPort schooners and road-
stead tugs are put up for wintering with the storn toward the local
Stolovaya Mountain to the Southwest, At the same time barges wintering
in the port continue to be placed with the bow toward the storm, and
as a rosult a majority of them are drifted with snow and suffer damage
to the rudders because of settling of the 1ce under the weight of the
an0W.

Y The lack of similarity in the position of ships in wintering in
l the Tikel bay is explained of course by the fact that self-propelled
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echooners oan be twmed in the desired direction by their own motors,
while nencelf-propelled ships must be turned with the aid of a tug

or by hand, On the other hand, barges have the complete facility of
being turnod with the stern to the wind before the freeazing of the
bay and without the aid of a tug; it is necessary only to transfer the
anchor from the bow to the atern,

Thus it is evident that the cholce of a winter position for the
ehip in port presents no diffioulties, especially if a ship arrives at
the roadstead before the beginning of ice formation.

Using the continuousness of the winds blowing at this time from
the southern half of the compass (storms are brought by winde predomine-
antly from southwest quarter), it is most simple to make a ship itself
turn along the line of the wind by dropping the anchor from the stern,

Such a turn can be made also in thin young ice and in small-
broken ice,

If the surface of the water has been covered with a solid layer
of ice thicker than 30 centimeters, the ice around a nonself-propelled
vessel must be broken with the aid of a tug or by hand enough so that
the vessel's stern can be turned in the right direction,

In roadsteads, such as that, for instance, in the port of Tiksi,
where tens of ships are wintering, dispersal of them to the wintering
position must be done in & planned order, inasmich as otherwise the
ships placed én one line and at a short distanoe/f::; the other, in
screening one another will present a oalm area for snow drifts, and
therefore only the single lead ship, standing into the wind, will
not be drifted up,

Knowing the prevalling direction of the winds, the planning of
the disposition of many ships must be done so that one ship will not
screen another, For this it would be more correct to place the ships
in parallel rows with considerable intervals between the separate ships
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(from 100 matera te 200 metevs) and with considerably larger intervale
between tha rows (about 200-100 meters) depending on the area of the
roadstead, In such & position the ships of the gecond or following rov
should be placed in the intervale between the ships in the fipat row, that
is, in chackerboard fashicn.

When putting up for wintering ehipo forced to winter in the shore
flos in little studied areas of tha Arotic, it is neceasary, taking into
consideration sounding data, te consider that enowdrifts will be observed
ueually with southwest and vestnorthwest windsj however, the westnorth=-

g rel
west winds will ve/rareYexception.

2, Cutting the Ice Around the Vessel

If insufficient attention is piven to & ship wintering even in
s olosed basin, it oon be dameged 80 ssricusly as to render it unfit
for navigation without special repeir, This cen be most often observed
with wooden borpes wintering in polar porte.

Damage usually occurs st the end of the wintering period at the
beginning of the summer, when the ilce cover segs under the weight of
the snow filled with water, and the ship, lightened after unloading,
and separating from the 1lce, tries to rise up or float to its normal
araft. At this moment the rudder fastenings, frozen into the lce,
are often broken or stretched. Right behind the rudder the gki (lyzhnyy)
fastenings of the gtern post sometimes separate and break, and & leak
appears.

To prevent these demages to & shlp 1ightened when in a frozen
eondition, the process of ocutting through the jce around the ship is
ueed. (Here and in the future the term "outting through" (okolka)
will mean the continuous punching through of the ice in a section;
nohipping out" (vykolka) will mean the removal of ice from the holes
mede in the ice fleld without cutting through the ice, that s, without
reaching water). This meesure however, does not free the hull of the

ship from the hermful pressure when 1% strives to float in the spring.

C ONFID pNTl AL

Declassified in Part - iti; :
art - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R0001001000-
: - 40-6




Declassified in Part - iti
) in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R00010010
: 82 0040-6

: CONFIDENTIAL

Cutting through the 10e muat begin first of all with the complete
freeing of the rudder from its attachment wvith the ice and then must
be done evenly along both gides of the ship. Cutting through must be
done immediately aftar the ship is unleaded to avoid freesing of thick
ice, which will make the work more aiffioult and complicated.

When the ice is more than 20 centimeters thick, before beginning
the cutting through it 1s necespary to ohip out trenches along the sldes.
The width of the trench must be not less than 40 centimeters, The ice
must be removed cautiously from the planning of the side in order not
to tear calking frozen to the ice from the mortises.

It is desirable to leave the bottom of the trench not more then
8-10 ocentimeters thick eo that 4t will be easier later to punch through
with one blow of a bar the thin ice when it is covered with water.

To avoid premature flooding of the whole trench by & chance punce
ture, the trench is divided into a series of sections by crosswise
1inke of untouched ice about 20-30 centimeters thick and about 3-5
meters apart.

The orosswise links are out out after the whole chipping out process
has been finished. If 10e saws are available, 4t 1is ocasiest simply
to saw the bottom of the trench. The chipped ice mist be taken awey
from the side of the ship, 41¢ possible to the 1eevard side, and should
not be left ocloser than 20 meters to the ship; otherwise it will act
as e foundation for snow drifte. Ice thrown back into the water will
promote the rapid fpeezing of the water end the thickening of the ice
around the ships Therefora, if after the ocutting through it is planned
to freeze out the ship, the 1ce must be thrown back into .the trench.
1f freezing out of the vegsel after the chipping out iu not planned,
then, in order to retard the freezing end reduce the thickness of the
ice, the place vhere cutting through has been done must be £41led with
snow to & height of 0.5 moters in the form of & gloping wall with the
pitch avay from the side of the ship, If there 18 & considersble thick-

ness of frozen ice, 1t 18 necessary to ocut out the ice down to the bottom
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of the ship, without letting water into the trench, with the freesing
out of the rudder and stern part, to avoid damage to & wooden ship
vhen it is refloated.

If the thickness of the ice, emow drifts, or oracks in the lce
or other fastors do not permit the chipping cut to be done correctly
end do not permit the rudder to be frosen cut, it will be nacessary
at the end of March or the beginning of April to repeat the whole
outting through ond the packing of enow into the cut out area,

3, Partial Freezing Out

Partinl fressing out is the best known am'l”;iduprud method
encountered in practics, It is used to inspect and repair any sepa-
rate undervater part of the ship. In the port of Tiksi, for instance,
i1t has become the practice to freeze out the stern pert of a schooner
just enough to uncover the rudder and propeller,

In spite of the insignificant area taken up by such a freesing
out (within 4-8 square meters), ite results are not often successful.
Very often even such an insignifioant freezing out fills with vater
through eide oracks forming in the ice, or even because of a puncture
of the bottom of the frosen out{«-t (mayna) (in the north "mayma' means

? Boleter Tl
any depression or hole cut in the ice; in the future ﬂ' (mayna) will
indicate the whole cut~out area of the freezing out, even if it consists
of many separate sections).

Cases of flooding are most often encountered in unskillfully cut
deeper cute with vertically constructed walls, shoddily maintained,
1ittered, or filled with snow. The reason for the flooding of the
freezing out is most often found in the form of the cuts made and
their contents,

o le,

A narrow ewlhy in the form of a shaft with walls hewn vertically,
does not have free circulation of cold air, and when it is fouled
with rubbish and snow there is additional gemeration of heat. Freezing
of such a out is weak and may even stop if there are only light frosts.

When the ice sheot is raised by a tidal wave, the thick walls of the
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out orack and fracture where they are joined with the thin layer of
ige of the bottom, and water begine to seep in, The cormers where

the thick ice (2-3 meters) of the vertical walls of the out oonneot
with the thin (0.5 meter end less) 1lce of the bottom are the weakest.
In addition, thin ice over & small area (1-3 square meters), upon
joining with thlck ice, is gtrotohed in the form of a film, and because
of this, loses part of its elastiolty eand beccmes more brittle; it
brecks when there are side oracks or permits a puncture in the center

of the erea vhen the water pressure is inoreased,

L. Ocmplete Freezing Out of Ships

The method of freesing out, or ocutting out ships frozen into the
1ce, has long been used in the basine of tha northern rivers.

Unfortunately, we do not have definite data establishing by whom,
vhen, and under whet conditions the first attempt at complete freezing
out of ships was made.

Tt can be assumed that the freesing out of large ships began after
the expsrience of cutting out small sloops and generally small shallow-
draft vessels frozen into ice vk thicker than the draft of the
vessel. This assumption can be confirmed by the fact that at present
clearness is lacking in the terms "ohipping out" (vykolka) and "freesing
out" (vymorozka). The method, used most often, of chipping out or cutting
out the ice around a ship is also called "freesing ocut." However,
each of these terms has & definite conception and representation of
the known process of working with lce.

The word "freezing out" (vymorozka) is often used as a generalizing
term for the various types of operations for freeing & ship from ice.

In these operations are included primarily "chipping out" (vykolks)
and "outting out® (vyrubka) the ice in the form of a trench or ditch
eround the vessal, end then cutting out the whole ship from the gradu-
elly freezing ice thickness.

By the word "freezing out" (vymorozka) must be understocd the
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artifiolally inteneified freesing of a definite thickness of ice
beneath and around the ghip. The freesing depends upon the gradual
chipping away or removal of definite layers of lce from the top of
the freezing thickness of lce.

The operation of continual freszing and depopiting is repeated
until the desired undervater part of the hull of the ship, isolated
beneath from the weter by & layer of ice of the necessory thiokness,
is uncovered.

In this manner nfpeezing out" of & ship 1s connected with the
artificial freezing of 1ce benath, while for cutting o ship out &
patural thickness of ice is sufficlent.

Chipping out can precede freezing out and even replace it if
the noturel thioclkmess of ice excesds considerably the depth to which
the ship is frozen into the lce.

The art of freezing out consists of antioipating to @ consideradble
degree the natural formation of ice nmot only &s to thickness but as
to time, It is based on the natural acceleration of the freezing of
vater under & thin layer of ice until the ice attains & great thick-
ness, after which 1t is necessary to retard gradually the growth of
40e beneath. Therefore when freezing out we must try by chipping
out the upper layer to keep at all times as gmell a thickness of ice
as possible, inasmuch as then the most intensive freezing of water
peneath the ice will take plece.

Tn this manner we will be able to obtain at the freezing out
place, or, more correctly, &t the plece vhera the ice is removed, &
thickness of ice whioh will be considerably lower then the surrounding
ice i‘ield. In other words, we change the level horizontal lce field
jnto & field with & hole, the bottom of which can be lower then the
lower surfaca of the fleld.

Let us suppose that we must repeir with the ald of freezing out
the keel part of a ship having & araft of not less than three meters.

For this we will have to freeze out an lce dock with a depression of
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3.5 metera, and the bottom of our dook will have to have sufficient
durability,

To eut out a similar dock in ilce tlready frosen would require
that one wait for & netural fressing of the 1ce to a thiokness of not
less than 4 meters, which is impracticable in the courss of one win-
tering ssason even under arctic conditions, During the neriod of ice
formation, lasting here not more than eight monthe (from Septembar
through May), the thickness of the nevly formed ice doas not exceed
two meters, In such ice we would be able to cut out a dock with a
depresaion of not more than 1,5 meteras. Considering the time necessary
for repairing and preparing a ship for navigation, we would not have
oight months in which to effect the operations of fraezing out, but
& shorter period (5 to 6 months,),

In spite of the epparent impracticability of the proposed task,
it can bo done by menss of a correctly sonducted freasing out. The
planned organisation of this operation permits the freezing out and
repair in an ice dock with & depth exceeding by 100 percent and more
the natural thicknaess of one-year-old ice, in a period shorter than
would be necessary for the usuel freezing of the ice.

The method of repair with the aid of freezing out is the cheapest,
since 1t can be done with the facilities of the ship and the labor
of the ship's crew, and the ice dock iteelf is built by the orew during

the winter period, when the crew is free from othar work,

5. Ice Pressure at Freezing Out Locations,

After the removal of & thin laysr of ice, on the surface of the
bottom of the hole there can ba observed the appearance of small eracks
distributed as if ﬂ;;l 8 radius from the center of the hole, If there
\‘i& old cracks in the ice, it \% bs noticed that they expand at the
places where they intersect the outalde edges of the hole, As the hole
1s deepened, the width of tha surface eracks on the edges increases,

reaching sometimes 20 centimeters and mors. The amall cracks on the
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bottom of the hele quickly fill up with brine and disappear., This
phencmenon is explained by the fact that where the ice io removed from
the hole the pressure on the water is reduced to the extent of the
welght of the ice removed from the hole, and the pressure of the weter
on the bottom of the hole (from bottem to top) remains unchengad,

The difference in the pressures after the cutting of the hole causes
a bulging of the center of the hole, and this explains the formation
of cracks on its bottem.

In order to prevent the puncture of the hole under thie pressure,
it is necessary to leave the bottom of the hole thick enough so that
it can support the corrasponding pressure of water at & given depth,
The desper the depression, tha thicker the bottom of the hole.

Unfortunately, we do not have facte for detailed theorstical
caloulations on the basis of which we cen offact freezing out opera-
tions. Therefore to decide this question it 1s still necessary to
use only the experimental method,

The various layers of ice have different structures and qualities,

For the practical purpose of freesing out it is sufficlent to
consider the qualities and properties of only two layers, whioh differ
sharply one from the other: the surface layer and the subsurface
layer.

The upper layer, in opposition to the subsurface layer, is usually
brittle, breaks easily, end crumbles.

The lower level of the ice preserves elastiocity. With the growth
of the ice to two and more meters, this layer continues to meintain
an approximately constant thickness of 50-60 centimeters, Evidently
its thickness is eonditioned by the abilit); of the lower layer of ice
to let water through its pores to a definite height.

In practice, this lower layer is defined by dempness, color, and
by the sound it gives when struck, In contrast to the white-light tint
on the surface ice, it has a darker, and in the direct proximity of
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the water, an almost black hue frem the molsture seeping through, and
vhen struck gives a dull sound, whila the surface layer when etruck
glves a clear sound,

Persona axperienced in freesing out uee these signs in practice,
and when the upper layer is being out away do not go beyond its boun=
dary.

The art and axperience of a person engnred in freesing out con=
sists of being able to detormine by the indicated signs the upper
boundary of the resilient ice and loaving it thick enough so that it
will be ahle to support the water pressure at the givan degree of
depression of the hole.

The brittle upper layer of ice, having abundant cracks through
it, must be regarded only as an auxiliary burden keeping the opposad
water pressure in equilibrium, Let us see now what interaction is
esstablished betwesn the ice and the ship frozen in it.

When sailing in olear water, & ship presses on the water with
1ts weight, and the water presses with the same foroe on the bottom
of the ship, serving as a support for it.

What changas take place in the equilibrium of these forces if
the water changes from the liquid state to the solid state?

Tn clear water the relationships of these forees change acnstantly
and balance themselves bacause of the movability of the ship in the
liquid medium, We observe this phenomenon, for instance, in the change
in the draft of a vessel when it is loaded or unloaded.

If the ship freezes into the ice, the ice frozen to the sides
of the ship does not permit the lightened ship to raise up and the
loeded ship to sink., Under such conditions the ship is suspended,

80 to speak, pressed from the sides, in the ice vise, and in this
ocondition all the pressures foroalng the ship to rise or sink, are
transferred wholly to the sides of the shlp.
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We will suppose that there are no changee in the weight of the
ship, but we begin to ohip out ice around it, Ag the ice is removed
from around the sides to the level of the bottem of the ship, we remove
only that harmful pressure vhich the sides of the ship would experi=
ence if it were loaded or unloeded, When the ice around the sides
1s removed, the ship will be able to rise and sink through the bulging
and puncture of the ice bottom of the hole, and in this manner, the
ship will bear with all its weight on the bottom of the hole, and
the hols, in its turm, on the water.

I¢ ve continue chipping out right under the ship, putting wooden
blooks and oribs under the keel, the welght of the ship will be dis-
tributed evenly on the whole surface of the bottom of the hole, but
only on the area of the blocks and eribs, In this manner in the ice
bottom of the dock there appear momente of force, giving curvature:
under the oribe the ice will be bent down, and in otier places it will
bulge upwerd. The greatest pressure of the ship will be beneath the
keel, right in the middle of the hols, that is, whers the ice will
bulge upward the most. From this it is evident that, having a ship
in the hole, we can allow & slighter thickness of the hole's bottom
than would have been possible in an empty hole.,

However, experience has shown that the thickness of the bottom
of an ice dock should not be less than 30 centimeters.

6, Cases of Demage to the Hole

Tn observing the bottom of & hole from which the upper whitish
layers has just been removed end in which & comparatively thin layer
of moist dark ice has been left, 1t is possible to notice immediately
& cupola-ghaped bulging of the center of the bottom.

In order to prevent flooding of such & hole, it is necessary
ymmediately to place & heavy load of iron objects or chunks of lce
waighing about one half of the weight of the lce removed ,on the place
of bulging, Filling up with snow and fi1lling in with wood must be
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avoided, since theme measures will heat the hole. It ie necessary that

a "weak" hole freeze as quickly e possible, for which it ls useful
1o hang a ocanvas sail over it,

If the hole ruptures, and it neceasary to continue the fressing
out, the hole must be immediately filled as deeply and compactly as
possible with chunks of dry ice with all enow removed, In order to
aocelerate the freesing of & flooded hole to the depth of ths place
of rupture, it is necessary immediately to begin chipping out & trench
in the ice arcund the flooded place to the limit possible, depending
on the natural thickness of the ice, The ridge of ice between the
flooded hole and the trﬁheh must have a thickness of 40-50 centimeters.
As the surfage of the flooded hole freezes, layers of ice are taken
from it cautiously, During this operation the }aolating ridge must
be preserved until the hole freezes lower than the level of the trench;
then the freezing out is continued in the usual fashion.

If a small leak appears in the bottom of the hole through & crack
which has formed or the puncture of & pick, the water sometimes begins
to flow as & fountain, but under thess circumstances the surrounding
jce does not break. Such & leak ean be removed quiekly by packing
1% with oakum and tightly stopping the opening in the bottom with &
sharpened wedge.

Similar cases of leaking and partisl rupture of holes take place
usually during freezing out operations when the ice is bsing removed.
Therefore each person engaged in freezing out should always be provided
with materials such as oskum, preparsd wedpes, and pegs. If a large |
amount of water is let into the hole, the indicated meagures may cause
delay and prove useless, If & puncture made in the bottom of the hole
1s not closed, the water, beating under pressure, begins to breaking
out with the force of its movement first small, and then large chunia
of ice from the sides of the crack or puncture, and breaks through
the whole bottom of the hole. Therafora at the point of an insignificant
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puncture, which at first could be closad with a finger or A nail, in

tene of saconds there can form & large hole, In such casea axperi=
enced freesing out workers, having made a rupture in the ioe by &
faulty blow of tha heel of & plak, with the following blow drive the
rick completely into the ice and leave it until a1l the outting edges
beneath are ooversd with ice,

Thenks to the plasticity of the thin lower level of ice, the sur-
face of the hole can take various forms, departing from the horizontal
lavelness., At the side of the ahip it takes usually a sloping form
with a raised side, frozen to the ship, with an angle sometimes reaching
30 derress and more, Tha raising of tha frozen i0e around the side
of the ship is explained by the poorer frenzing of the lce at the side
of the ship and tha bulging of the center of the freezing out; from
here it follows that in freszing out the lce does not freeze in an
even layer over the whole area of the bottom of the hole, but gradu-
ally gets thimnsr from the cutside wall to the side of the ship.

For this reason in the hole one must not remove the ice strictly
horizontally; one should follow a rising surfece from the outside
wall toward the side of the ship, determining the thicimess of the
layer of ice undergoing removal by its color and the sound it gives
off when struck.

The slanting convex form of the ice at the side of the ship
increasas the surface; the surface quickly freezes through and gives
the ice more elasticity when the ship is supportad in the horizontal

position,

7. The Harmfulness of Partial Freeazing Out.

We have already spoken above of the use of cutting through around
the ship, the continuous chipping out of ice around the ship, and
finally, the most difficult part of ice operations, freezing out.
However, it must be noted that we know of cases of damage to ships

by unskillful chipping out of ice and freazing out. We will indicate
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the conditiona under which & ship can be damaged in this work.

We have become acquainted with two types of freesing out) partial,
vhen & small part of the surface of the underwater part of the ship
is frozen out, and complate, when the whole underwater part of the
ship is freed of ice, The avident expediency of complete freesing
out causes no doubte, but as far as partial freesing out io concerned,
1t avea must be limited by definite boundaries.

For en example we will imagine that we are freering up to one-
half of the hull of a ship; the other half of the ship will be left
frozen in the ice with the same load with which the ship went into
wintering., We will assume also that we are freesing out the first
helf of the hull only down to the level of the bottom. In conformance
with these explanations, it is evident that the part of the ship freed
from the lateral ice pressures, will try to rise under the pressure
of the water bulging the bottom of the hole, At the same time the
unfrozen-out half of the ship will have to remain motionless, If the
hull of the ship is very strong, with the reising on the part of one
of its halves the other half will burst out of the ice. A weak hull
does not have suffioient strength to break its connection with the
1ce, and it will either break, or form a crack, or, finally, cause
a sherp flexure with deformation of the lengthwise reinforcements
near that place where the freezing out ends and the pert not frozen
out begins,

The same thing can happen-on a glightly smeller scsle if the
ship is not frozen out by one half, but by one third or one quarter
of ite length. In this case the danger of damage to & long hull will
be greater then to & short hull, since with the longer hull the bending
moment will be larger.

In this manner, before starting partisl freezing out of a ship,
it is necessary to analyze carefully the situation on the spot, the
condition and construction of the ship, and only after this to determine
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the 1imits beyond which such a freesing cut will become dangerous.

The sinking of & barge with a load of mere than 1,000 tons of
coal in the Neyelov Bay in the mouth of the Lena River during the
winter of 1937-38 ocourred as & result of the partial freesing out
or chipping out of the ice over a long distance only on the stern part,
and the hull of the ship was twisted and the connecticns of the side
sheathing were stretched, A leak appearsd in the barge at the very
first tide. The coal cargo got wet and began to freeze, bursting
the ship from within, In addition, when the tide went out the cracks
between the strips of sheathing began to widen because of water freezing
in them. In the spring the ship sank altogether. This case graphically
supports the expediency not of partial, but of complete chipping out
of the 1ce arocund a frozen ship.

It is necessary also to indicate the posslbility of similar acol=
dents even without using freesing out, If a ship goes into winter
quartere in the area of the action of tidal waves, which ocauses large
oracks, pressure, and even hummocking of ice, as it is observed in the
mouth of the Lena River, and these cracks work ageinst the hull of the
vessel, the vessel will always be threatenad with the danger of fracture
or deformation of the hull, It is possible to protect a ship from
damage under such conditions by cutting through the ice around the
ship which would permit the ship to be held level and permit some move-
ment to the sides, in the case of a movement of the ice, Such a cut
must be repested periodicslly, in order to prevent the freezing of
a thick layer of ice.

8, Preparing the Spot for Freezing Out & Ship.

The working area onvwhioh all operations for freezing out a ship
are done 1s called & basin (chasha)., This place must be carefully
oleared of fragments of ice, snow, freight, and other objects taken
from the ship.
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The basin is used only during the freesing out operations for
throving ice chips out of the hole and temporary stowing of bracing
and repair materials. At the end of the working dey this place must
be olesred of ice, snov, ohips, and materials and ewept clean, or other=
vise these objects will serve as the foundation for snow drifte in the
cage of an unexpected gtorm. The basin is at this time a thickened
gone of frozen ice eround the ship, under protection of which the
freesing cut operations ere done,

The dimensions of the basin depend first of 211 on the area desig-
nated for the freegzing out. The difficulty of cleaning the basin after
snovstorms requires that its 14mits be kept as small as possible, The
basin is given an elipsoidal form similar to the outline of the pro=
jection of the cutlines of the ship at the waterline in the plane of
the ice.

This form cen be determined if & definite ares is traced around
the ship with a template.

For & emall ship, up to 50 meters in length, the distance of the
outer line of the basin from the side of the ghip must be taken at
from 8 to 10 meters, and for larger chips, up to 100 meters in length,
the size of the basin can be correspondingly {nereased more then 10
meters from the sides of the ship.

The wider the expanse of the baein, thet is, the distance between
the side of the ship and the uncleaned ares on the ice, tho better
the ice freeses around the ship, and the wind can more easily oarry
gnow past on & gmooth sliding surface.

After the ship is established in the lce, it is necessary to walt .
geveral days in order to glve weak or broken ice & chance to freaze
enough so that it will be safe to walk on. After this work is begun
on messurements and preparation of the basin, A thin pole marked off i
4n meters can be used for meaguring., The pole is placed on the lce

- with one end up to the gide of the ship at right angles to it, end
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the planned number of meters are meagured off along this line, It

is best to mark the measured distances in the ice with thin pegs,
Vhen measuring the width of the basin at the stem and steppost it ie
necessary to keep the eame distance as et the sides of the ship, The
curved form is imparted to the bagin the first time that enow is swept
from the marked off area. After saveral sweepings the area of the basin
takes on a mirror-like purface end at this time the snow swept to the
sides to the external boundary of the basin glives it a definite and
gharply outlined form. With the passing of time, and eupooialiy after
savaral snowstorms, the snow and ice form piles several metera high
beyond ths basin.

If the ship {s gorrectly set along the 1line of the prevailing
winds, the depositions of snow are concsntrated beyond the basin,
perallel to the sldes of the ship, and the ghip looks as if it is
standing in a canal,

To assure that the snow will be ocarried past the ship, in no case
must one make heaps of lece from the basin against the stern and bow
ends of the ship. In these places it 1s necessery from time to time
to break up natural drifts to permit the snow to pass through better
and to cool the surface of the 1ce with drafts, Chipped ice and snow
gwept from the basin must be carried as far from the ship as possible,
and if possible, to the leeward side, or otherwise drifts will begin
to form in the basin, meking extra snow removal work.

In order to pravent the appearance of cracks in the basin and in
the walls of the hole, which is especially important when a floating
ics dock is being constructed, it is desirable to reinforce the ring
of the basin by freezing beams into the ice, This operation can be
done while the ice is still thin (not more than 10-15 centimeters).
The beems are placed 80 that their ends overlap slightly. At the
connection pointe of the beams ocute are made in the ice through which
both beams can be put under the ice, with the ends to different sides,
so that they will remain in the water in the same position as was

CORERLD MNTLAL

Declassified i R - '
ssified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100040-6

:;43-4 it b




CONPIDWANTIAL

plannad on the surface of the ice, The correct placing of the beama

1g done with the aid of boat hooks through the small cuts, The die-
tance of the beams frem the side of the ship should be about 5 meters.
If there is & sufficient amount of beame or driftwood it is desirable
to place timber all around the oircle of the basin, If there is not
enough timber, the reinforcement can be limited to the ende of the
basin opposita the stem and sternpost, where it im best to place twe
parallel beams not less then one meter apart; it is desirable aleo to
freeze several beams oppopite both sides of the ehip in the genter part.

The frozen timber holds the ice of the basin together better and
prevents the appearance of oracke in the walls of the hole, Usually
the oracks first appear along the direction of the dismetric plane
of the ship, end then opposite the most expanded and depressed part
of the ship; therefore the reinforeing of these places is the most
desirable, so as to prevent the appearance of deep oracks and the
appearance of leoks through them into the hole.

In this manner, the reinforeing of the basin of small ships can
be 1limited, in an extreme case, to four beams at the end parts, end
for larger ships, %o eight to ten beams frozen into the most important
end pleces and opposite the middle part of the ship.

9, Protecting the Basin from Snowdrifts.

As hao been shown above, snow drifts are & great hindrance to
freazing out operations. The snow heats the hole and under the snow
the separation of brine begins; therefore it is necessary to remove
the anow from the surface of the basin and hole immediately, not only
in quiet perlods during & storm or at the end of the storm, but during
the storm itself.

Special anti-snowstorm fences and the so-called snow blowara can
vender considerable asslstance in the struggle with snowdrifts.

The constancy of the direction of storm winds permits the success-

4 ful ersction of permanent fences.
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In contrest to railroad fences, which cause the deposition of
piles in front of the obstacls, the desimn of ship anti-snowstorm fences
musrt provida for tha Aapaaition of piles behind the obstacle and away
from the ship, Such fences must be turmable, 1ike & rudder or a cail,
6o that the deposition of snow can be regulated by turning the fence
to & definite angle.

The design of & turnable fence must also promote the tapering of
the erea between the fence and the side of the ship, and in the same
feshion must inoresse the velocity of the wind so as to prevent the
deposition of particles of anow in the hele.,

Teking into account the great force of the winds, the repelling
fences must be made 1atticg-lika, with an ares of not more than 1-2
squaremeters, The fences can he made folding or doubled, that is,
fastened in pairs to one post.

When the ship is placed correctly with the stern towsrd the pre-
veiling winds, the installation of fences along the sides of the ship
must be done so that the snow is deposited at the bow end of the ship.
From observations it is known that the deposition of snow in the hole
begins approximately at the middle ofg}he ship, and the continuous
drifts begin in the area of the ;ié;‘;lllu formations of the bow part
of the ship, Consequently, the first windward pair must be installed
somewhet past the middle of the ship, neﬁrer to the bew, and the second
pair must be installed behind the a‘;é;;"no formetions of the bow or
in front of the stem, approximately at the first bow crosswise link
of the hole, The lower edge of all the fences must be 40-50 centimeters
above the level of the ice so that the intensive blowing can g0 beneath
the fences.

The upper edge of the frame of the fence must not go beyond the
plane of the main deck of & high-sided ship or exceed the bulwark of
a low=sided ship.

When one fence is too short for the high side of & ship, another fence
can be made and fastened to it.
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To make A fence, above all it ls nacecsary to put together & rec=
tangular solid frame in the form of a squave, with the sides about
1-2 metars, and than nail thin stripe 10-12 centimeters wide spaced
at intervals of 5-6 centimatars to the freme. In this manner, on &
one-metar fence 5 to 7 strips will be required, since about one third
of the area of the frame will be intervals,

The fence must be put in place so that the lattice-work of atrips
18 in tho vertical position. In connecting the frame one must avoid
orosapleces, since they can promote the £4111ing in of the intervale
between the strips with snow and the deposition of piles in front of
the fence. Wire can be used to fasten the freme together. To install
the prepared fence in the ice, it is neceseary beforshand to freeze
two strong posts about 3 meters long and not less then 10 cantimeters
in diameter into the ice, To reinforce the posts it is neceseary to
freeze two more pleces of wood into the ice for guy wires. The guy
wires oan be cut out of atrends of steel rope.

The posts should be frozen into the ice opposite the indicated
places perpendicularly to the diametric plane of the ship and at a
distance one from the other corresponding to the dimenslons of the
fence. The fence is hung with the aid of loops from the wire or strands
of steel rope on the sacond post from the side of the ship at the height
indicated and in such a way that the fence can revolve freely on the
loops.

The second post, which is nearest to the slde of the ship, will
serve only to fasten the guy wires of the frame when the fence is revolved
to the angls vhich it 1s necessary to establish according to the direc-
tion of the wind and the deposition of snow.

For convenience in taking in or paying out the guy wire, it is
expendient to fasten a one-cycle block on the top of this post on a
sling rope and beneath, & spike or eys to fasten the end of the guy

wire.
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®o draw in the guy wire evenly, the euy wire oan be taken in at the
niddle of a shert sling, the ends of which ghould be embedded in the
gornera of the frame of the fence. Z?igure 37

The conatruction of the so-ocalled "enow blowers" is not complicated.
The purpose of the snowblower 1p te blew snow from the hole, or to blow
1% from a pils, with the ald of the force of the wind, The blower is
ingtalled vhere the action of the fence camnot be effective, and where
a fresh drift of dry unpecked onow has already formed. To remove &
solidly oaked drift or & drift ocovered with & continuous hard orust the
snow must firet be locsenad or the blower will be uneless, Deposition
of snow in the Adepths of the hole and prowth of drifts takes place
not only during a storm or enowfoll, but also with A snow-drifting
wind, In the last case deposition originates from the movement of
fallen snow over the surface of the land and ice under the influence
of the wind, just as sand moves in the desert.

Snow moving on the surfece of the i0e of land is deposited where
the aotion of the wind on it is reduced.

Such ploces are calm zones under high shores, the freezing-out
hole, the lee side of the hull of the ship, and in general sny obatacle
standing in the path of the wind,

Snow settled behind any cover causes the beginning of the formation
of a drift spreading to the limits ab vhich the influence of the obstacle
blocking the wind is no longer effective.

If the wind changes its firet dirsction and blows from the side,
from behind some cover, the depoeition of snow masses goes in a new
direotion and the places drifted with snow sarlier will bs completely
cleared of 1t.

On this property of the moving of snow masses there should be
based the principle of the design of the snow-blower, the task of which
18 to inorease the velocity and change the direction of the wind in the

necessary direotion.

(?()’?g;"!ﬁﬁ! NTTAYL
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The enow-blower can be made out of lieht sheet ivon, or, if this
18 lacking, out of plyweod er thin gtripe fantened on the cutside by
saveral wooden frames.

Tn general this devige should be & collapsible tube breaking in
one, two, or three places, vith & wide gate-like enirance opening for
the wind to enter, and gradually tapering to the exit,

Such a blower can be made in the form of saveral four-sided boxes
having a square cross section, The first, as & wind collector, should
have a widened opening of not lese than one aquara meter in Area, &
length of from two to three meters, and an exit opening 15-20 square
centimeters in area.

The second box should be made so that the tapered part of the
first box will fit into it easily, that is, it should have an entrance
opening slightly wider than the exit opening of the first box.

The third box should have just such a conatruction for the connection
with the exit end of the second box.

The dimensions of the second and third boxes can be different,
from one to two and mors meters, but the weipht of the boxes should
not make it difficult for one man to move and set them up. A sled
must be made to deliver the blower to the desired location.

The eled should be of such dimensions as to permit the receiving
tubs to be fastened to it end also, if necessary, 80 that all three
tubes can be carried on it. The aled can be two perallel strips set
on edge and connected with cross-pleces.

If an ice anchor is fastened to the rear of the sled and attached
to the ice from the windward side, it will hold the whole blower instal-
lation in the necessary place.

The blower can be used in three cases:

1, when it is necessary to lncrease the blowing of air along the
side of the ship,

2, for blowing out the hole where the greatest drifting of snow
takes place,

CONFIDHNTIAL
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3, for blowing awey or blowing out & swept-up pile of snow,

If the veassel 1s twrmed with ite stern into the wind, in the first
caga we muet put the receiving end of the blower behind the stern or
near the stern part of the ship, turning the funnel of the recsiver
toward the strongest jet of wind, After connecting the sescond and
third (if necessary) parte of the blower, it is necessary to place them
so that the exit opening of the end tube will be directed along the line
vhere there is the greatest deposition of snow bacause of weak natural
blowing, If this line does not conform precisely with the direotien
of the receiver of the blower, then, possidbly, it will be necessary
in order to improve the action of the blower to install at the recelving
opening a side shield made of plywood either to form a deflector above
or to raise the whole front part with the aid of blocks under the sled.
In doing this it is desirable to place the blocks so that & space is
left for the snow to be blown through under the shed,

To blow out the hole the busio part of the blowar is placed in
1ine with the wind and the attached tubes are turned into tha hole
so as to deliver into it air by which there will be created the swirling
which inevitably begins to throw the smow out.

In order to destroy & drift on the surface of the ice, the blower
is eat up in the wind opposite the drift, After the attached mess is
destroyed, the pipes are moved until the whole mass of snow has been
removed to the necessary side; the axit opening of the last tube must
be laid in this direction.

It is necessary to have at least two of the described blowers on
the ship, However, before starting comstruction of the second blower,
it 1s necessary to test the action of the first in order to determine
its shorteomings and improve the design for the second.

The expenditure of several working days at the beginning of the
wintering for the construction of the described means of protection
from snow drifts in the form of fences and blowars will undoubtedly

i CONFILHNTLAL
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gave much time and labor for the orew of the vessel during the course of

the wintering period,

10, The Freesing=Out Flan.

time, before ths ship is put up for the winter. Several days before the
beginning of the freezing out it should be made more pracise in dependance
on the conditions of tha actual situation. In planning the freezing-out
1% is necessary to take into consideration the tempsrature regime of the
air, the pariod of ice formation, the thicknees of the layer of the unsolidi-
fied ice in the wintaring out area, eto.

‘ To characterize similar date we introduce table 1 of the maximum and
minimum temperatures of air and water and the thickness of the ice in
Tiksi Bay according to ten day pericds for 1935-1936, 1937-1938, from
October through July inclusive.

From this table it 1s evident that continuous balow=-freezing tempera=-
tures of air and water were obsorved over three years in the periods from
November through May. Consequently, only in this six-month pariod is
freezing-out possible, Judging by the temperaturss, the most intensive
freezing should take place from the beginning of November to the end of
March,

The beginning of the intensive freezing of ice ocours about the
sacond ten days of October, and the end is around the last days of April,
Melting tekes place already in May.

On the basis of tha data of the table we cen plan the freezing-out
period for from the end of Oatober to the middle or end of April, including
in this time also repair of the underwater part of the shipkhull,

Repair of the undervater part of the ship's hull must be done con-
currently or right after the freezing-out in proportion to the various
demages discovered after the removal of the ice. Thus, before the finish
of the freezing-out of the kesl we can finish repair of the sheathing,
pert of the bottom and the kingston valves, the rudder, and propellor.

CONFIDEN TIAD
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With correct plenning of freezing-out operatiocns and repair, the
ond of the freezing-out should coincide with the end of the basiec repair
of the underwater part of the ehip. Short periocde left after the finishing
of daep freseing out before the beginning of the thaw and the possible
netural flooding of tha ice deok cen ba naed only for eecondary work on
the underwater part, such as, for inastance ,' drying and peinting the hull
and small touching-up operations of general repair., The foroing of repair
operations right after the freezing out is requirad also by the considera-
tion of the possibility of a chance flooding of the hele.

By carrying out complate freazing-out of ths vessel we pursue & double
goali in the first place, protection of the ship from harmful side pres-
sures in the frozen state, and in the seccnd place, carrying only along
the way the rapair possible under the technical end local conditions.
Thersfore, in the pariods of freezing-out it ls necessary to ineclude also
repair, end &ll the more since 4ce removal oparations are done only periodi-
celly and take up comparatively insignificant bits of time (intervals
necessary for the freezing of & new layer of :!.ee). These intervals, lasting
from 5 to 8 days, should be used for repair operations.

As will be seen below, the most limited number of persons is needed
for oarrying out freezing-out operations or for direct removal of ice in
the hole.

Tn caleulating the norms end periods for 1ce removal we will teke
the freszing of ice from 1 November through 1 May as 180 deys. After
figuring in free diys, we get about 150 working days. Teking into considera-
tion the aifficulty of the work with lce and in the cold, the working dey
muet be taken at not more then 7 hours. In order to estublish a definite
number of working days for ice removal, the calender plan is thrown onto
the scale of freezing.

Taking the average daily freezing of ice as three eentimeters, and
the period teken by us of 180 days, we can freeze a layer 540 centimeters

s A KT

thick,

e o

e
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This calouletion shovs that we can count on the freezing-out of &
ship with A draft of up to 5 meters and leave & layer of ice under the
xeel of A0 centimaters. |

Experience hes ghown that in the freezing-out period it ip most expedl=~
ent to remove even layers of ice at leaet 10 centimeters snd not more than
20 centimeters ot a time, with intervals of from 4=5 daye to & days in
between, With such 8 system of reguler removel of o definite layer of
10e we will achleve & regular freezing and correct caloulation of the
deepening of the hole,

Taking the thickness of the layer of ice removed at 20 gentimeters,
it is possible to caloulate in advance both the mumber of such layers and
consequently the number of benches of the future lce docke To freeze-out
a vessel with a draft of 5 meters we find: 500120%25 be’:&haa. If it
asgumed that we will spend one working day on each banch, then for the
whole freezing out 25 working deys out of the total 180-day ice freezing
pericd will be used,

Thue, for freezing through the hole will go 180 minus 25 equals 155
deys, end there remain for repeirt 150 minus 25 equals 125 daye.

Table two glves & model of & calendar plen for freszing out & schooner
i1n Tiksi Bey., The plan is made up on the basis of experience from 1937-1938.

On the basis of experience three categories of norms for ice removal
in the process of desp freezing out of a ship are proposed. (table 3)

In freezing-out the qualitative gide of the operations muet come
first, since emphasis only on the quantitetive indexes, especially if a
worker is inexperienced, caen 1lead to disruption of the whole plan.

In ice removal exceptional attention, diseipline, and caution are
required from the workers, Practice and experience have &n ospacial importance
4n this work, since they condition the above enumerated categories in
the norms of ice removal.

The qualifieation of freezing-out workers by categories has baen teken
; by us as follows?
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First category = experienced freesing-out workers with 2=3 years
experience;

pedond eategory = average sxperienced with 1-2 years experience.

Third category =~ inexperienced workers with 1=2 years experience,
working under an experienced freezing-cut worker.

Freezing-out workers of the first category ere at the present time
ptill an exception, although in general a sufficlent number of ice cutters
oan be found, Most often it is necessary to carry on operations with freezing~
out workers of the third category, or more correctly, teach people this
work in the process of the work 1tself, and, consequently, making up the
plan for operations, teking into acoount the productivity of labor, must
be oriented above all on the norms for the third eategory.

It is necessary to name an euxiliary crew of ice gatherers for the
removel of the ice from the hole to the baein and carrying it awey from
the side of the ship,

In order to determine the amount of ice removal for the trench of the
ice dock it 1is necessary first to establish the volume water displacement
of tha ship to be frozen-out according to the formuls D = LBT , where
D 4s the water displacement of the ship, L is the length of the ship, B
4p the beam of the ship, T is the draft, beta (§) is the coefficlent of
water displacement for the given type of ship, and garma (Y ) is the specific
welght of water.

Taking the epeeific weight of water at 1,026 or 1,03, end the spacific
weight of ice at 0,90, we oan derive the relation of the height of the
floating pert of the ice above the water level to the total thickmess
of the tce:r 1,03 minus 0.90 equals 0.13.

In appended table /4 are given the slements for five ships of variocus
types and the corresponding trenches of the ice docks for then, '

To simplify the caloulation, this coefficlent of water displacement

E (beta) of the ice dock is taken as the aamé a8 that of the ship, and T

corresponds to the deapening of the hole under the keel.

CONFIDENTIAL
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The water di'eplaeemnt (D) of the ice dock exceeds the water displace=
ment of the ship by approximately 100 percent. Consequently, the quantity
of iaa to be remeved for the trench of the ice deck matches approximately
the watar displacement of the ehip. Therefore, for small ships it can be
equal to or somewhat larger then the wveter displacoment of the ship, end
for medium-size and largor ehips the quantity of ice can be less than the
water displacement.

Ao hes already bean said, for the quickest freeaing through, to inoreaece
the durability of the construction of the hole, end for simpliclity of
celoulations, it is necessary to remove the ice in layers of 20~10 centi-
meters, the 10-centimeter =high benohos should be made approaching the
horizontal line of the keel linaj this also keeps the removal of ice to
e minumm, Under the bottom of the ship removel of ice follows closely
the outlinas of the ship.

In the attached chart (figure 5) are presented the cross-section
dimensions of the holes for three diffsrent types of vessels having the
game draft (about 4 maters).

Each of the benches has its own order number and dte for lce ramoval.,
Tn the chart are shown the sequence of ice removel, according to the calendar
plan, and the probable thickness of the ice in the plece of each bench,
caloulated by the average probabl% freezing during the time of the execution
of freezing-out operation,

On the basis of this data, the volume and weight quantity of ice
destined for removal, it is possible to conclude that for removing the
trenches of the docks of volumes of from 500 to 2,500 cublic meters, from
2 to 9 freezing-out workers are needed for a period of not more than 95
days, with an average dally removal norm of 3=/ cubic meters., From this
calowlation it ia seen that the number of basic workers in freezing out
doen not oxceed the composition of the deck erew of ships with a displace=
ment of from 500 to 3,000 tons.

.
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Thus, the actual periocd of lce vemoval lasts not more than 95-100
vorking days from the 150 days (the total pariod of ice freesing) planned
according to the plan,

Thus, we have left in reserve at least 50w55 working days or about
two monthe which can ba used forepair and other ship operations.

Part of this time must be set aside for bad weathar, to be used for internal
work on the ship, With good calm freezing weathar the freezing-out opere=-
tions must be pushed, being sxeouted simultenecusly with the repair of

the underwater part of the hull of the ship,

Toe removal in the hole bepins from either end of the ship, for instance,
from the stern, and proceeds evenly along both sides until the oircle of
the given bench joins at the bow end.

With this it is necessary to note on the side of the ship or on the
ice, and also enter in a journal, up to sxactly what point in the course
of each day will be removed & definite area of ice, It is necessary to
Ymow this in order to establish the times of freesing through and the
thickness of the frozen layer of ice in the removed spet and to determine
the period of the following removal, In removing the following bench it
18 necessary to hold to exactly such an order end sequence in the work.

If it is assumed that with such & system we will be able to remove one

bench over the whole area in the course of three days, that is, one third

of the length evary day, then with the finishing of the last section in

the bow part the first in the stern part will already be frozen through

in the course of not less than two days to a thickmess of about 6 centimsters,
and the middle will have frozen 3 centimeters during one day. After an
interval of 4 and not more than 5 deys after finishing the removal of the
first banch 1t is possible already to begin the removal of the second

bench on the first aeoﬁion, ate.

As the deepening progresses, the width of the benches will be gradually
reduced opposite the vertical part of the hull, and consequently, the area
snd the volume of the removed ice will be reduced, as will be the time
I speht in this work. If et first it is necessary to spend three and more

[ R s e
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days per banoh in removing the firet layers of 1oe to & depth of up to
one meter, in the middle pert of tha ship, with the same number of workera
and the same norma, the removal of the regular bench cén be {inished in
1-1,5 days.

To aveid errors in determing the advance of the peried of the regular
ics removel, it is necessary o keep an accurate journal of the freezing
out with specification of the date, area, and ice thiockness, and also

of the assumed thicknees of the remaining layer.

11, The Progress of the Freezing-Out Operatione,

Planning of the freezing out by & plan mede up in advance should
precede diract ice removal.

The plen is a achematic ouﬁline of the projection of the ship on
the plan of 1ce to scale, with desigmation of the quantity, form, and
aimension of the separate holes and the orosswise links batween them.

In accordance with the plan all holes should be numbered with paint on the
sids of the ship at the place of their location, Even numbers should be
used to designate the holes on ona side of the ship, for instance, on

the right side, and odd numbers should be used for the other side.

It has been establiahed from experience that it is more expedient
to leave eroaswiae opposite the diemetric plane of the ghip, that 1s,
slong the bow and stern, where oracks usually appear tending to split
the whole freezing out in two. The presence in these spots of crosswise
1inks will aid the reinforeing of the edges of the holes and the diversion
of the oracks to the side.

Thus ell holes are located symmetrically along the sides., Two opposing
holes, for instance, No 1 and No 2, comprise section I of the hole, No 3
and No 4, section II, etc. Both the holes and the crosswise 1inks in the
sections should be identical in regard to areas and atrictly symmetricel
in location, so that the orosswise links of the holes of ome side will be
a continuation of the crosswise 1inks synmetricel to them on the opposite
side.
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striot planning of the holes is necessary 60 that the ehip will have
oven points of support of the ghip on the lce along both sldes of the
ddametyio plane.waMEUEENNS

When the deepening of the nolen in the freezing reaches the level of
the lower edge of the ¥eel, the holes of one side join with the opposite
holes to form one continuous seotion or ghaft. The freeazing of ice by
ssctions progresses more intensively and evenly then in seperated holes
bacause of the draft oreated or the blowing through under the keel even
in a celm {because of the difference of temperatures on the opposite sides
of tha ship)., Ususlly the freezing of the opposing holes goes unevenly.
Holes freeze quickest Which are located on the north or shedy side of
the ship, and freazing is slower on the sunny south side,

Division of the freezing cut by orosswise linke into a series of sec=
tions permits the systematioc inspsotion and repair of specific parts of
the hull and keel, IHowever, the crosswise location of the 1links is o great
hindrance insofar as ocleaning the holes of enow is aoncerned, since it pro-
motes large snow deposits in the holes and at tho seme time hinders the
freezing of the separated noles. This negative role of tha links becomes
evident after their pemoval at the end of the freozing out, when the mtm
blowing of the wind goes already through the continuous united hole, along
the two side corridors. In this case there are only an insignificant number
of deposits and only at the bow end of the continuous hole, end freezing
of the hole progresses most intensively. Unfortunately, this moment arrives
only &t the end of the period of ice formation, when ‘there ig only & little
time left for the freezing ocut. '

This negative peculierity of the links of the freszing-out makes nece=
agary a review of their importence from the point of view of their necesslty
go that their negative aspect oan be reduced to & minimum.

As has already been ghowed, the links have & double purpose! pro=

tecting the whole freezing-out from flooding, incease one of the holes is

flooded, and supporting the ghip in & horizontal position s the ice is
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pemoved from around the mull, The supporting of the ship 18 important when
| the deepening of the holea reachas the level of the bottom of the shipy ae

the freszing out progresees it ie necessary to transfer gradually the pres-
guro of the weight of the ghip to the los and frae the bottom of the ship

from ite contact first with the water and then with -the ice, At this stage

of the operations the 1inks teke on the funotion of Lco supports until they are
replaced by wocden gupports or lumber. Tn this it is necessary to note thet
the supports are needed gtarting only from the STy boeasT
eyl formations of the ship or from the more expanded oide formations,
The nerrow ends of the bottom, bow and stern are get on underkeel bedding.

As help for the ice supports on the sides, wooden supports &re lald
under the keel as the freezing out progresses. After all or part of the
keal has beon freed from the ice and the underkeol bedding has been installed,
the loe 1links are gradually out out and replaced by lumber. In this operaticn
firat four-sided, and then prepared wooden beams are installed in the oribs.
They are pleced solidly against the walls of the ice gupport and gaourely
wedged, so thet the ship will be supported on the beams, and only after this
the 1ce support is removed, with the exception of the foundation, which
gerves as support to keep the beam from slipping to the side.

From the described process of operations, it ig avident that the links
are needed as lce supporte until the ond of the freezing out, in the depres=
slon near to the level of the bottom, and that the upper pert of the 1inks,
down ‘to this level, is superfluous.

Until the bottom ls completely frozen out, the ship 48 so solidly con=
nected with the ice that heeling of the ship is not to be feared.

To pemove completely the possibility of heeling it is pufficlent to
install saveral wooden supports and beams from both sides of the ship to
the benches of the hole, similar to the bracing of a ship in an ordinary
dook, Installation of the side supports 1s not necassary, 1t ia evident,
pefore the beginning of the fpeezing out of the bottom.
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From whet hag been sald it fellows that in planning freezing out we
must only mark out the places for the 1links, but actually in the process
of removing the ice do not have to begin to leave them earlier than the
moment when the depression of the hole reaches the level of the surrounding
pide outlines in the formation of the bottom, that is, when they have bacome
necessary for thelr vasic function as ice supports.

From here it follows that in freezing out a ship wvith & draft, for
instance, of about 4 meters, to preserve the atabllity of the ship mo links
have to be left until the deepening has reached 2=3 meters.

Tt is necessary to keep in mind, however, thet the danger of flooding
the freszing out remains constant in the presence of inexperienced freezing-
out workers and with a lack of lebor disoipline and attention to the work,
and also when there is insufficient account of the pericds of freezing and
the thickness of the freezing and removed layer of lce.

The last considerations speck in favor of leaving the links, in splite
of their negative role in regard to the speed of the effecting of the
whole freezing-out.

When complete freezing out of the schooner Temp wes done in the 1936=
1937 wintering period, the frenzing out wae divided into 24 holes, and 22
1inks. At a depth of about 2 meters one of the middle holes broke through
unexpectedly. Thenks to the links the freezing out was not flooded., The
moment wes exceptionally gerious since at this time in the stern hole the
worn propellor hed been frozen out and it was necessary to replace it
with & new spare propellor.

If the whole freezing-out has flooded, it would have been impossible
to carry out this operstion; since a1l operations had been begun lete,
in the middle of December, the deepening of the stern hole, which was the \
— : deepest, had reached more than 3 meters, The links proved their function
end saved the situation. The flooded mine wes filled with ice and frozen
out with some delay. Without the links the whole freezing out would have
been delayed and it would have been necessary to start it anew.
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Tt ig impossible not to emphasize that the reason for the flooding
of the hole was the 1ack of caution on the part of the engineers in the
ship, who dropped the heavy part of the propellor ghaft while they were
carrying it. The ghook received b7 the hull caueed the rupture of the
bottom of the hole, fyom which the regular layer of ice had just heen taken.

This casa shows that during freezing-out operations end in partioular
at the moment of jge removal, it ie necessary to avoid a1l shoocks in the
ghipj also, i1t ig necessary to prohibit algo wood splitting on board,

If, however, ciroumstances pequire that operations involving heavy velghts
(taking on fuel, unloading eto,) be done on board, werning must be given
in sdvance and these operation must be performed pefore ice removal or
not less than 24 hours after ice removel, when the ice in the hole has
strengthened,

A similer flooding of ons of 20 holes took place in the expedition
of the schooner Polyarneye 7vezda, whioch had offected full freezing out
in shellow water. The flooded hole wos jsolated ond frozen out later.

At a.pproximately tha seme time, a1l four sections of the side {renches
of the partial freezing out of the neighboring gchooner Leningradsovet were
flooded, in spite of the 1linke vhich had been left. Of the four sections
flooded three were et the stern and one w88 along the side. An effort to
pump ‘them out with a fire pump had no success.

Tha reason for ‘the £looding of the freezing out of the schooner Lenin-
gradsovet was the ring-shaped construction of the holes and the untidiness
of their content. '

In the 1937-38 period the attempt &t full fraezing out, with 26 holes
and 2/ links, of the schooner Temp was repented. In spite of the numerous
oracks in the edges of the holes, this freezing out was affected success=
fully. At the same time on ‘the neighboring towing steamship Levenevekly
all three stern holes of & partial freezing out, having complete links,
were flooded prematursly. The accldent was causged by the puncture of one

of the holes and the flooding of the two adjacent ones through gaps along
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the sides of Lhe ahip whieh were forped be-auas of bulging of the freazing
out, The peason for tha flooling of the froeoving out of the ateamahip
Levanavakily was bhe oaio 4d thal of the schooner Leningradaovet = A
lack of intercst and attention for Lhe freezing Qube

Theae oxampleas of fleoding of helass shew that Jith the sehooners
Terp and olyarnayd zvezda Lho 1inks proved thelr purpoae as protovtion
againat {lnoding, and failed to fullill thiy function in the fraezing
out of the scheoner Lentngradsovet and the gtoamahip Levanovikly.

un the basls of tha ponsideration mentloned and the cages clitoed eae
aan anka the deductien Ehat Lhe links musl ve kepl in the froezing oul
anly until the donponing reaehad ong Latep, afber widen Lhey wan ue
ranovid beeauge of laek Al neaeasity and even thedlr harmiulngas bucaude
or thelr ability te hold sno. Aeposihie

The wzeloaanasy of bthe 1inks at a depth of evar one retar i
Pllustrated by b Pact that, beeavse of thee ralsing or bulpdng
deseribed avove, of the Ppeenin,, auly the linis aop arate from the alde
of the shidp a Jhsbance of awout N0 cenbinclords

In frocuing oub tho sehooner Temp in v 1437=1930 wdntering
period, thufu was separation of the 1Links from the ulde ol the ship
in the form of one or geveral cracks with a total width of wp Lo 72
contimebors ab a depth of 7,15 meters. .

For the removal of these cracks thore werd planaed 50 ran=hours
for "freezing of cpack links" in the plan of uhip wrorka. Lacking
a special person, the capbain vimself did this operution. facking the
cracks was done with snow soaked in water. lowever, at a depth of
nore than one neters this operation had to be digcontinued, since alter

each rogular removal of ice deep cracks in the o), links inevitably

reappeareds
1t 1g most expedlent, after the removal of the fourth and f£irth i
*g
benehes, that g, ab a depth of £0-100 centimeters, when the independant i
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separation of the links Teow ihe side of the ship is cluaply pvonounccd,
to cut tha links away, lesving only a roundation L= centimgtera hich

20 B8 ko pprosopve for thow 4 peady form and position it saould
Longne ascasaary Lo penaw then 8gaii a2 fce aujportid cnen the level

or 1l wotten of the aldip 1a rgachieds

As an owecption to Lhig vuby, W@ cGan Teave Luo Tenpbiwige ks =

TR AT PSTy S VR R M S ul':wm.bekcu,wﬂiiLw;dth(ﬂ the

valo paachion Fae Tovel off tae Loele Trobhe followiny, e uaelanuneds
Gl e dng Ve sy S feg s ety A1 Lo M gaovereds
o tw Mnioruit boocut sarlicer ®han the slerh 1iak = L8 tae
U by

Mg Ap e hly de MR Lhe otoeny 1 Peohdg g aeab bod e
”~

AL ap dee Permatien of bR wan itk ARl Maw poponenLoef By
Vipla e Mreesing wut will Tade on Ve nopech oat ey Augh it
N moneontrienlly placed Urnelios Al E somaon Bolos

1n vopard Lo L wistdon ot the autlines of thoo dan Juiyg 1L
1y neeessary o nobu thab 1 workdng sdbh des one Jhowald gaary
angular contobions, oo dngy AU pescleley aysl forme  wibh
anpular eatting g e rossss of doe forpabtion 1o nedncicd, 99 is bue
wonstruchion Lbaell of toles  In addition, sharply deldned coriers

couge the appearance of aracks, sinte dnow wosh ofben is depouited in

soracra, aAnd the ice jromotes heating ;F local incroase of temperaburc,
“hiah loads to bhe separation of gult solublons, wileh rorrode the :
surface of the grovwing lees
min oval form ol Lhe surface edgus of the hole arc most easily
oleared of snowe This form of tole plves the groatest resistance to
the external jrussure of huc water, In accordance with Lhe outline
of the hole the stepped Lonches of bthe hole musbt bo congtruched when

removing ice in conformance with the outline of the holes

marking out the plan lor the freczing out of the hole ig done with

a pack template, by which the dimensions of the holes and links mare
1
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ide of the ship,  The outline of the hola can be

Loasured aroun! the s

vade in Lo Porpoof 4 meetan le The curved fopm on the conneetion
of e pight angles is cade approsdumatoly, Jith the aid of a ick, which
Jeratoles in be Lee the pointd of the nﬁLlluua of Lhe hules A pAdeatien
of the template siould vegln Jrom thy gatg cuG of Lo alidpy Yo Luulanue,
rrow bue sterns  The outlinen of Lo lole wre carked out fivet from

the right aide, and then from the it gide of the hole.

dork an Lo pemoval of 1Pe flrat layer of dee ein bogdn only suen

the freering oul slan hna boon tpanoslorred [rom Lhe Jdecled bu thoe 1c
PP -
Tt 42 neeudsary o esnnlder the beglandug ol b Feeering sub Lhat

29 euntliwtbers thick out o o total

worent ahon the flregk layer of loe

YoGite) eontlusters du remaveds

Thls

bhickness on the feu Tiold oL
Taver 1 ereeoved along 'he Thno ol the bracdoge ad A the teaplabes

dang g of The tidekaeas of R lagee Al tre arc takon

yrolladaarily,

RN R add ef 1 long rdlle

e Pieal peroeval of tae boondepbic of 0 mond Leeborg, when there

petiure Drom bensathy, 1s Jone strdelly

1o oan dncigndldennt waloer
hordconbal Ly
Mo ollowing vemovals muct already ve caleulubed according to
tMe degree move than 2 cenbloelorss On Lhe oaais of bais calenlabion,
the follovdng ice romoval can bu lone oot _arlier Lhan after 3 days
and Lo a depth of not move than 10 centineters, '
The second and third Lenches also are romoved almosh horizontally,
snee the raising of the Lreezing out is noticeauly visible only at
a dopth of more than 0.5 neterss
3
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12, Changing the Draft of the Vessel during the Freezing=Out reried
If one begine to freeze out an empty area in the ice to a considerable
depth, with the aim, [or instance, of dropping the freezing out down

to the bottom, one is quickly convinced of the uselessness of the

i
i
i
|
i
i

operation. In a depression approximately double the thicknese of the
natural layer of ice of the surrounding field, the [recezing out will
begin to rise in ito central part, as if trying to regain a position
near to the level of the horizon of the surrounding floating field.

In deepening further the freozing out of such a hole, we would
be able to freeze its wall to any thickness, vut we could not prevent
the bulging of ita center, and, conseyuently, we would not freeze it
out down to the Lottom, since this would be hindered by the opposing
water prossure which is always increasing with depths From the outaide
such a freezing out would have the look of a hill with a horizontal
summit. The walls of such a hole would have numerous cracks, and
the middle of the hole would be an ice cupola.

In order to freeze out a hole down to the Lottom, it is necessary
to creute gradually an artificial presswre in its center equal to
the weight of the ice removed or equal to the water pressure at the
glven level of depression.

In freszing out a ship, this water pressure causes the raising
of the ship to some helght, in accordance with the reduced pressure
of weight on the water from the direction of the removed mass of ices

In connection with this the draft of the ship is also always
being reduced until the end of the freeszing out, that is, until the
moment when an equilibrium is established between the weight of the
ship with the ice dock and the countering water pressure on the bottom.
This raising of the ship is not even and not free, as is observed, for

instance, in open water when a ship is unloaded. (The tendency of the

weter pressure to ralse the ship up unevenly requires exceptional caution

in freezing out ships with a weak lengthwise structure since in carrying
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: out the freeszing out & oritical lengthwise bending moment can be aet

up in thems)

v e N _
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To be sure, a hole's own raising with a ehip during freezing out

is auwject to the same 1awe as is the raising of a ship by a floating

dock in oclear water, that 18, proportionally to the reduction of the ;

volght of the water pumped out, and in owr example proportionally to the

quantity of ice removed at a given water 1line level.

In freezing out the schooner Temp it was possivle to obtain the

following results by ice removal with toolse

When the hole had buen sunk to 3.15 meters the rise of the upper

wlge of the ice of the links was 1,12 meters abova the general level

of the surrounding ice field. The froezing oub wus planned for lye2

moters, tho vessel having a draft of 1.0 metors, with the ddetance of

+he outside edge of tho hole from the side of the ship to bu 2 meterss

Consequently, when the width of the hole between the outuside edge and

the ship is 5 meters the rise of the ship should be more than 2 metoers.

The observations cited show that because of the natural raising

of tha ice dock we are able to decrease considerably the plaﬁ?d

deepening of the Preezing out of the hole by widening it. This

circumsbance also perudtstxthe froesing out of a ship with a draft

exceeding consideraoly tho artificlal [reezing, which i3 an average

of 3 centimeters per day. For this it is necessary to calculate in

advance the dimension of the hole in width or the volume of the ice

dock capable by its water displacement of raising a ship to a definite

helght or to the depth accessible for the artificial freezing of ice ;

during a definite period of ice formation.
In freezing, for instance, to 6 metars during 200 days of ice

formation it can be agsumed that freezing out is permissable for a ship,

up to the ocean~-going size, in the unloaded condition. Because of the

property of the raising of the freezing out there is a reduction in

the volume of ice removal as caleulated for the deepening in an unmoving

medium.
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Taking into account the gr.at ice pressure on the side of the

ship, it i6 necessary o carry on work in thia place with especial

caution, leaving an even and sufficiently thick layer of ice every=
wheres In addition, unexpeeted phenomena 4re most often encountored

in tie oside ice zone. These phenomena hinder froezing through and ice

R e

e i

A

removal operations. These inelude the appearance of large ir holes,

and petroleum and oil aeams.

The heatinp action of the hull promotes the expanoion of air .
bubbles and the incrcase of air pockete, which insulate the water
from the ice and thus hinder ice forniutlon.

The second couse of Lhe appearance ab tho side of the ship of air
bubbles, and ulso of petroleum and oil, is the pumping of water out of
the ship. 1f dirty water gollected inside hhqkhip continues to be
punped over 'he side by wachinery ente the ice areu, much outolde alp
{7 sueked up by the pumps und thrown wnder the ice, copecially if the
outlet pipos are located below tho waterlines

Fetroloun and oil get into the wuter through the Kingston valves,
which during wintering are #11led with these products to protect the
ripes from vurating. To provent thig, aater Prom the engine room and
other places should be punped Lo the surface of the ice and removed
beyond the busin vy troughds

My bubbles and petroleum sceumulations discovered during the
freezing out must be carefully removed by light puncturing or drilling ¥
of the ice and let out to the surface; the opening must be closed A
quickly, since water will appear right after the air or petroleums
Fetroleunm falling on the surface of the ice must be wiped clean with

a brooms

13, The I'loating Ice Docks
8o far we have observed the effecting of freezing out operations
in an unmoving ice field, the border between which and the working

area for the freeczing out the oubside line of the basin, 8-10 meters

from the side of the ship, serves.

ONFLDENTIAL
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At the end of the freeaing out, beyend the basin there is uaually
observed a piling up of out jce and snow several meters high. Thie

acoumulation narrows the ring of the basin almost down to the outeide

edge of the hole and in this manner creates a calm zone and causes
heating of the [reeaing out, and consequent ly the [roezing of ice is

retarded,

Under the weight of the ice and anow the ice bends, and deep
cracks going right up to the odge of the hole, appedr, water leakn :
through these cracks to the surface and threatons to [lood the froezing 2
out. Only immediate stuffing of the cracks with ice chips and moistened
snow can prevent water from getting inte the hole.
Snow saturated with water pends the ice even more, and froezing
of the ice under it is reducade
water saturated with brine under snow doesd not freeze, with the
exception of a thin erust which is forred on the open aide of the
basin and which hinders to aome extond hho entrance of -ater to the
wdrror of the basin.
A\ raising of the edge of tho hole as a result of thu bulging of
the Ireesziny out aleo impedes the ontrace nt' oubunow water inbo the
hole. Yor this reason the basin peta a sloped surface, on which it
is diflicult to walk without sprinkling snows Pergong usually move
along the outside area of the basin, staying veyond the snow ice -

pile.

It is extremely difficult to cloan guch a basin and hole of snow after
a regular storm, since during the operations some rehandling of the
snow has to be done.

It is possible to avoid a considerable part of these difficulties
and inconveniences in the work by separating the bagin from the
gurrounding ice by a circular cuttinge

In this case the ice dock yill be turned into something like a
floating dock which w1l rise above the level of the surrounding ice

fields
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The work of cleaning the whole freezing out of ice and gnow is
vased conoiderably when the ice dock 15 separated.

The naturel blowing away of snow deposition is Detter [rom the
raiged area and the necemgity of removing snew and loce to the leeward
gide of the ohip ic eliminated. with a floating deck there is alse
eliminated the most serious danger of external flooding of the {reezing
out through oracks formed in the [ield outside, and from water on the
ice when snow melts at the beginning of swwier. This perndts keeping
the dook longer than is powssible with an unmoving ice dock.

The indicated advantages of a floating dock fully justify the
labor spent in cutting the basin and the frouble in keoping its aides
from froezing solidly to the outside [ield. Clearing the cutting
place of exceas anow, defore the end of the froezing out, is probubly
not necogsary more than twice a month.

Aftor each removal of ice in the hole the thin luyer of ice where
the ico dock 15 cut out will break off itsolf, raloing together with
the basin and Ll ship; also the edge-of the ice field, laden with anow,
vill settle.

The vaising of the basin of the floating :lock should always lug
somé?%huh behind the more intensive raising of the ship in the center
of the hole. This lagping will be all the more noticeable the
further the cutting out of the dock is dene from the edge of the
holes

In cutting out the ice dock far from the edges of the hole, it
will also be impossible to avoid the sloping or slanting of the basin
toward the outside field. Thus, the wide fields of the basin will
seem to sag under their own weight, creating at the same time an
obstacle to the raising of the whole structure. Therefore, calculation
of the distance at which cutting out of the ice dock is to be done is

vory important,
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The most advantagoous distance for the raising of the basin would
be cutting in the direct proximity to the edge of the holes However,
this in ite turn would ereote diffioulties in the movement of peraocns
around the hole during the work and the necesaity of throwing the ice
out of the hole, because of a lack of an ares, directly into the cutting-
around tronch, which is not desirable, since it creates difficulties
in tho further ramoval of ice.

In view of these considerationg we 8uggost that cutting around the
ice dock be done at a distance of from 1,5 metero to 2 wetors from the
edge of the holes

The detormination of the time for the cutting out of the ice dock
(at the beginning or end of the froezing out) is the second gerious
problenms

From Lhe point of view of making thu cutting eaaler, it would be
better to do the cutting at the beginning of the freezing out, or,
poerhapa, before the removal of the ice in the hole, when the ice is 30-40
contimeters thick.

However, premature cutbing can turn out +0 be inefficient in that
1t can freeze and attach itself anew to the outside field beforu the
removal of ice in the hole gives the effect of raisinge

At the end of the freouzing out the result of the raising can be
nost effectives But this circumstance creates the danger of damaging
the floating dock from the appearance of cracks and heeling, with the
possible grazing of the edges of the dock along the edges of the field
as a result of the rapid raising of the dock under great pressures

The last considerations indicate that for cutting out the
floating dock a time very near the beginning of the freezing out must
be choee';

The best moment for cutting the basin of the floating dock is
the period when the freezing out of the hole has progressed to a depth
of not more than one meter or after the removal of 3=l benches to a

depth of 60=80 centimeters.
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The rise of the ship or of the center of the freezing out at this
moment will be about 30=L0 centimrters, and of the edges of the Lasin,

about one half of this height.

The thickness of the ice of tha ice field at this time should be

*

about. 70 centimeters.
The calendar pariod for the cutting of the [loating dock can be

avout the last ten days of November, when the snow drifts are atill

slight and do not pdroent serious impediments to the cutting operations.
The boundary of the cutiing of the ice dock can be traced vwith

a straight-edge template at a distunce, as already has been said, of

avout 1=2 meters from the edge of the hole.
The width of the trench cut around the doek should not be narrower
than 60 centimetors and not more than one meter. Until the cutting of

the trench is finished, while the ice is belng chipped out, it ia necessary

to kesp links at a distance of not more than 5 meters one from the other

and from 25 to L0 contimeters wides The layer of ice left in the bottom

of the trench should be not more than 10 centimeters, so that it will
be easier to cut through the separate sections between the links to

watere Lhe cutting should Le done in the course of 2-3 days so as not to

accumulate a thick layer ol ice at the cutting out spot und thus complicate

the operution.
Just us in freezing out a ship, it is necessary to hold to a

definite system in cutting out an ice dock. irst, cutting should be

begun from a definits 3pot, for instunce, Irom the stern, and should be

carried out symmetrically along both sides until the trenches muet

opposite the vow end of the ship, IFour more solid links should be

left opposite the stern and bow and opposite the middle part of the

ships When the cutting around is [inished, these links are removed

last.
The final cutting with L£looding of the sections of the trenches

between the links should be done so thut the éﬁgaration of the basin

=50 -
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fron the outside ise {ield is done simultaneously and smoothly, without

raising any edge At any place.

If there are not enough people to execute simultaneous eonnection
of the mections, the operation must be done by uethods caleulated in “j
advance, Lt 18 best to divide the whole trench ring into not leas than 7;
six sections of equal length, oounting from the bow and stern linka, or A
into three symmetrical doubla ring cuts. The length of cach sueh cut
should oceupy one third of the length of the ship.
After the distrivution of the oections 1t is necesoary to effect
a corrosponding distribution of people for tho tutting. with &
limited nunber of people the indicuted sectiona are cut opposite the
bow and stern ends of tho ship and simultaneously from veth gides, for
which not less than L mon are ncededs
If there are 2-3 men, the cutting oppuaite the ends of the ship
tugt be dene on a diagonal, for instanco, the right oow and left stern
goctions, then the left bow and right stern sections.
After this there remuins the cutting of the two middle sections
located opposite the middle of the shipe Here also, with an insufficient
number of men for simultancous cubting from both sides, it 13 necessary
to do the operation on diagonal sections, converging toward the middle
* link from the bow and [rom the storne
Having finished in this manner the cutting through of the whole
trench, we are left with four intact links (opposite the bow and stern ,
and two opposite the middle part of the ship)
If the ship is under stroag pressure to raise itgelf, these links
. : may fail to withstand the pressure and break bofore they are cute. The
two center links must withstand the greatest pressure, and therefore
it is necessary to cut them last.
If four men are available, all four links can be cut almost
simultaneously, at a command or at a signal whistle. In this case the

' middle links should be cut slightly later than the othersg.
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The recommended precautions derive from the consideration that the
conter of pressure of the basin should be at the center of the
freesing out. Therefore, if one cuta, for instance, the middle of the
baain firet, and then the ends, by the otrength of the rise the center
can rise before the ends and split the vasin in two. The eame thing
can happen if the whole basin is eut out leaving a golid connection at

its ends with the outside field.

1. Installing Timbors

As hus been mentioned, under-keel bedding and timbero are ingtulled
ag the keel and bottom are frozen oute

The location of tho fimbers and under-keel bedding io' determined
in practice by tho location of the frozen-out part und the form of the
ouklines of the hull of thc shije

Lwnber for the timburs and bedding should be 1aicgin advance, even
if obtained from driftwood. UJoams from 10 to 15 centimeters and not
more than 20 centimeters through are best tor this purpose.

Fpoparing lumber for timbers invelves trimming ground beams on all
four sides wi h an axe so us to give the beams a four=sided form, which
ig the most conveniont when putting the supports into the cribs, and
then cutting them to a more ogquual length of 1-l.5 metérs. It is
unnecessary to maintain great precision in thu length and thickness of
the beams, since when they are fitted in place it is necessary to sort,
trim, and cut them to various shapes.

The lower row of the crib of timber is easily installed on the
ice by clearing unevennesses or cutting slots in the ice in the form
of the beams.

A more difficult task is installing the upper binding rowj this

18 done with the aid of wedges. Before laying this row and securing
it fast to the bottom of the ship with wedges it 1s necessary to clean
this part of the bottom of the ship of ice, and it is best of all to
thaw 1t out by heating with a burner or a blowtorchs
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Tee left between the hull and the bedding can melt and cause
gettling and slipping of the brace to one aide.

The support points of the Lraces are determined by the locations
of the links or ice supports, which, as the freezing out progresses
and as it is necessary, are replaced by the oracee. It is uselese
to install the braces before the and of the complete [reezing oul,
as iz it useless to place any type of supports under the counter in the
gtorn hole and under the cut of the bow in the bow hole, even if they
have already been completely finicheds Here under keel bodding is
sulficient,

If the frewzing out is going to be continued in the middle part
of the ship, the ship will also continue to rise, separating from the
braces and support at the ends, no matter how solidly they have been
wedged. Driving pegs and even instulling additional beams, after each
rise of the ice, is nacess_ry also at the end side supporis.

Only the.races installed in the middle part of the ship remain
solid throughout the froezing out under the keel, since the pressure
and bulging of the ice is concentrated here and the ice presses against
the bottom of the ship the whole time.

After the ship has been installed on braces if it i3 necessary
to continue the freezing out deeper, the solid connection of the supports
with the bottom of the ship must be maintained and when a weakening of
the wedges is obaerved, they must be driven in, so as to maintain an
even pressure of the ship on all the points of support.

In the opposite case, if the weight of the ship is transferred to
a limited number of support points, the support points will be gtrained
and either the ice will develop cracks or some support will collapse
or move, threatening to destroy the whole system of supports.

If a brace is installed solidly, by the entire outer side, to
| the wall of the ice support, the danger of its slipping under great

pressure will be removed. If a brace for some reason has to be placed
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in an open opace in the liole, the beams of such & brace should be

connected with construction brackets. The lower row of beams of the

orib of such a brace should be slightly aunkfio the ice, Alsoe it would
not be superfluous to sprinkle the place where the beams are fastoned
into the oribs of the braces W th sand or cindere in order to create
more friction., This is especially important if damp frozen and slippery

ico is taken for the supports.

15, Under=-Keel Bedding
For the under-keel bedding one should select the most solid

wooden beams at lcast one meter longe They should be ready at the

moment of removal of ice from under the keel. Under the keel and in

the center of the cross section planes of the hole, the greatest

pressure is obtuined, and consequontly, the greatest ice comprogsion.

Therefore, as soon as there is sufficient free space under the Keel,

bedding should imuediately be placed solidly under the lower edge of

the keel, The bedding is placed with ito middle across the keel, If

one beam is not thick enough either two and nore ara‘installed, on the

flat side one of the other, or a flat wedge is driven in, facing on

the remaining area between the: plane of the keel and the bedding beani.

For wide flat-bottomed ships it is necessary to place a triple=-

row crib under the keel: three beams along the keel and two across,

50 that the middle one will go under the keels In this it is necessary,”

to ses to it that the ice under the bedding is removed horizontally
3?‘ and cut and swept clean, so that the bedding will bear on the ice with
! its whole surface. The under=-keel bedding should be placed at intervals
of at most one meter and at least .5 meters. Bedding placed too close
together hinders the freezing of ice and snow removal, and bedding
separated too much reduces the number of points of support and creates
an uneven ice compression. The ice can be pressed up in the area between

the bedding and come to bear again on the keels
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T
For this reason we recommend that the bedding be installed ]

imnediately after the ice is removed from under the keel and in no case
should more than one meter of the keel's length be left without bedding
for freezing until the next ice removale

Tho following example will show how intensively the ice preases
against the diametric plane of the ships In freezing-out the schooner
Temp in 1936 ice was removed from under the keel not far from the
middle of the ships The thickest underkeel bedding was prepared, but
it fitted too loosely under the keels In order to fasten it solidly
to the keel, it romained to insert a thin wedge. However, this was
hindered by tho signal for the lunch interval. When the work was
continued after an hour, it turned out that not only was the wedge
not needed, but thut the bedding itself, laid to one side, no longer
fitted into its former place. This example shows that in installing
under=koel bedding in the middle part of the ship it is not necessary,
as it is for bracing, to try to achieve an especiully compact Joining
of the bedding with the hull, and it ia more important to put it in
place in time, even with & gap, since the ice will compress them
itselfs

It should be mentioned that the freezing of ice under the bedding
is decelerateds lherefore, if freezing out under the keel is continued
and it is necessary to remove temporarily and regularly replace the
bedding when ice is being removed, the bedding should be put in a new
place, oven if only at a distance equal to the width of the bedding
itself, so that the whole area will freeze more evenlye

The weakening mentioned of the pressure of the ship on the braces
nearer to the ends of the ships holds alsc for the under=-keel bedding,
and if a strong pressure is observed on the bedding at the middle part
of the keel, it weakens as it approaches the bow and stern ends of

the shipe
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16, Freeging=Out the Area Under the Keel

The most difficult part of the freezing out is clearing the aread
under the keel, that is, the connection of the two opposite holes of
one and the same section.

In the constricted area the freezing~out workere must sometimes
work with a pick lying on their backe To insulate the persons from
direct contact with the ice and for ocase in moving in a lying position
it is recommended that each freezing out worker put under himselfl a
piece of plywood boards

The working area i8 limited to several meters and in any case to
not more than one hall of the width of the ship, since when ice is
removed in sections the workers move toward one another f{rom opposite
sides.

In gencral 1t is not reconmended that one side be deepened
exceptionally or thut joe removal be repeated on the side which
freezes more quickly. It is beat to effect even removal on both
symmotrical holes. A considerablo deepening of only one side can
cause distortion of the hole and consequently in the ship.

An exception to what has been said can be permitted when the plane
of the keel is approached (for a removal of net more than 20 centimeters)
in order having accelerated the freezing of one side, the freezing of
ice under the keel and promote the connection of the meeting holes of '
the same section. However, in this case one nust not go beyond thé
line of the vertical plane of the keel or make a cut under the keel
from one side. It is necessary to wait until the depressions of both
holes of the section are evened up. Unbil this moment it is necessary
to keep a ridge of ice under the keel equal in thickness 0 the width
of the keels This ridge will serve as an ice support under the keel for }
the ship until it is replaced by wooden crosswise beddinge At the moment }

when the depressions of the meeting holes are lower than the base of the

!
|
|
!
i
i
!
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These cute must not be made arbitrarily out according to & definite
gystem and with a double purposei firetly to accelerate the freezing
of ice in places where under=keel bedding 18 going to Le placed, and
gecondly to cruatc drafts through these windows from the northern gide
of the hole, which freecés better, and thus to effect more even freezing
of the wheole gection.

rreliminary cutting of the windows in the under=keal lcs suppant
SRR DI A BURREE LERCY 0.5 meters, that ig, at the places
shore the under-kecl bodding 1s golng te be installod.

Yo produce a draft and rapid freezing of thu under=keel sone,
gmall apertured aoveral eentimeterd gquure are Julfieciont at first,
and hen they can bo gradually inersased Lo 1.0=20 square contimetary,
1,84, b0 tho thicknesy of Lhe underieol beanis At thiy moment intonsive
freezing will begins

Complets cutting of tho under=keol ridge of ice begina at either
end of tho ship, tor instancu, from the atoms After the inatallation
of the first tinmber, with ice removal over a dstance of not more than
1 meter, an areéd for the second timber is prepared at 8 distance of
0.5 meters from the first, the ice 1s removed 0.5 meters further, etc.
Ia this fashion in one gection with the hole 2 neters wide and the

forward link 0.5 meters thick, we must install from 3 b0 5 tinbers.

17, Reinforeing the Side Supports

. . Installing supports at the stem and the sternpost, a3 experience
‘ has shown, unnocesasary, especially under the overhang of the gtern, where,
when the dock floods in the apring, the supports only hinder the ship's
immediately assuming a normel rloating draft and threatens to damage
the sheathing.

To peinforce the ship agalnst lengthwise movement s the usual
braces, {ngtalled not closer than 2 meters and not further than 5 meters
one from the other, in accordance with the curved formation of the bottom

of the ship and the round outlines of the ship, are aufficients
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As & guaranted againat chance healing movements gide or
lateral supports ocan pe installed a8 &n aid to the braceds These
slde supporte do not have to be installed more often than every 5
meters} if there 48 no heeling and the braces are firm, the distance
can be jnereased up vO 10 meterg.

1f the ship nas a slight 1ist to one side, thie gide must be
reinforced with a large number of supportse Thus, for @ snall
ghip thore are required from 3t05 supports on each side made up of
beams 12-15 centimeters and up to 20 centimeters thick and from
g to 9 and more meters longs 1n oneé word, the nuber of aide supports
and their dimensions will depend on the length of the ship, it8 type
of design, ond its durability. for o flat vottomed and low-sided
ship the gide supports may not bo needed at alle

In installing 4he side gupports it ig necessury bo place them
at the greatest anglo posaible with the side of the ship, right wp
4o 90 degrees o the diametric plane of the ship or near to the
horizontale only in this cage will the side supports serve their
{mmediate purposes Correct installation of the side supports 1is
easily achieved by fastening their external ends to the upper steps
or benches of the hole.

One musb avoid the {nstallation of side supports on the lower
benches at & sharp angle to the side of the ship and with the suppord
of the wpper end under the pubbing stake. Such a support will hold

_ the ship only to a slight degree against aide heeling, and more from
%;; vorbical movemenbaj if the ship rises, fhe support will separate
: from the side and if the ship settles it will take upon jteelf great

pregsure and mey break the rubbing gbakes
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As a guarantee againgt chance healing movements gide or
lateral supports can be installed as an ald to the braces. These
side supports do not have to be installed mers ofteu than every 5
metersj if there is no healing and the braces are firm, the distance
can be increased up to 10 meters.

If the ship has a slight 1ist to one side, this gide must be
reinforced with a large number of supportse Thus, for a small
ship there are required from 3 to 5 supports on each side nade up of
veams 12-15 centimeters and up to 20 centimeters thick and from
% to 9 and more meters longs In one word, the nuier of side supports
and their dimensions will dopend on the length of the ship, its typo
of dosign, and its durability. for o {lat bottomed and low-sided
ship the side supports may not be needed at alle

In installing the side oupports it is necessary to place them
at the greatest anglo posaible with the side of the ship, right up
£0 90 degroes to the diametric plane of the ship or near to the
horizontals Only in this case will the side supports serve their
immediate purposes Corract installation of the side gupports is
casily achieved by fastening their external ends 4o the upper steps
or benches of the holee

One must avoid the installation of side supports on the lower
benches at a sharp angle to the side of the ship and with the support
of the upper end under the rubbing stake. Such a support will hold
the ship only to a slight degree against side heeling, and more from
vertical movementsj if the ship rises, the support will separate
from the side and if the ship settles it will take upon itself great

pressure and may break the rubbing stake
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Thig phenemenon may Laie place if the jes dgak floods, when the
ghip weghng to settle to Lts popmal draft {n the water.

1nztallation oF the side wupfporta done in the [ollowing manners

AlLer the plag-a for the dngkallation have been detevidned, the
pequired MW e of Leans are distriouted approwiinatuly 1n thelr placsde
Ab tie place ef tnatallation el A supjort vean u auort end of tiuda
POPE, bR VT G AT EY snd of Rhe aupperty 3 rasteaen to the
aide of the Jadpn Pop twe outar ond ol ko aujjort 9 depreasion guf fdslent
o kake the end of twe bean 1o cub in tho dee of th: waneh of the holete
uad-p the end of the Loam adjagmt LG Fhe ulda of thc 3dd) there 1o
pude noaolid eusitoniag of 4 qnopt sut of wead Ar & thick strip with
a cub in tha canhars Tho and ituelf of the poam iy chepped of at o
alipht angle so ad 1o it saugly inte she cul in thu cushioninge If
afler the cunneehion 2 the and of the support with the cushioning thera
appears a par, 8 flat wedpo 1u driven between it and the cushioning from
Lhe amoobh sides It 14 not neecssac, to votain excoptional $ightneuss
of the conncetion al' thy side ol bhu ship with the supporvy vy fagtening
sibh wedgesSs

1¢ the supporbs are rlaced correctly (near to the worizontal plane)
and in normal (solid) connuchion with the side, they will serve thoir
purposes 1P wedges are driven strongly under the supports from Loth
gides of the ship, @ crack can appedry splitting the Lasin along tho

diametric planes

18, Drying Out the Under water Part of the 3hip

Lrying oub of the underwater part of the hull should be begun
before completion of full freezingout.

Defors the hull is dried, it should ba cleaned of solidly frozen

chunks of ice and then thaweds The thawing, like the drying {tself, is
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done with Llow torches and burnera. The burners ;ive the quieckest
results and therefera it is Lettur to uae them in working with large
areas of Lhae undeprwaber jpart of the shipe e made 3ugh roasters in
the form of [lat tuvs oul of gaseline cans.

If it 13 neeesaary Lo make the burner out. of sheet iron, the
longth of it can te nade up to one motue and the width from 20 Le 30
contimeters, with a height of L=0 centimetora for the Lent sidea,

Thug thare is obtained an objnet asmathing like a long nareow
griddle into which a thin layer of fuel = petrolews or kerosene 18
easily poured. In order %o achieve more even burning and not too
high a flame, and also 8o ghat tha fucl vill net uspabter whon belng
carried, the burner is firgh ¢ivon some piteh, which is spread in an
aven luyor on tho bobtom of tha burners To carry and raise the burner
Lo various heiphta at tho side of the shig, a flat pole or strip is
faatenud under the vase of the Lurner with wire; the burner is easily

raised with the extruding ends of the pole or strip Ly Lwo men.

Thavlng the hull with the aid of a burner procesds Lrom the lower
to the upper frozen-out surlace. S0 that the hull #ill not char and
w11l be heated evenly, the roaster 1s noved constantly the whole time
from below to above, to the sldes, and vack, until all the water from
the melted snow has run off and even evaporation of the weated surface
begins.

Then the same operations are repeated Purther until the thawing of
the whole frozen-out surface is finished. In this fashion one executes
the operations of drying a thawed but still damp hulls In this operation
each area is heated to a temperature which can be perceived by the
hande

T4 is impossible, however, to neat and thaw the meeting deep seams
of ice in narrow grooves, indentations under bolta, etes, with the
burner. Therefore, such places are Heabed with tho aid of a blow torch

and then carefully inspacted, eopecially with wooden shipa, since water
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often geta into the inside of the ship through them. If iege is left
in the groeves, they should not Le caullied, puttied, and painted, ainee
the insulatien jlaced over the iew will ve syueecaed out b, the water
aftor the natural thawing of the lee. Some small injuries Lo bhe
ice saeathing or erdinary sheathing will bacome neticeable enly after
thawing and eareful inapection; thege del'ects eannot be notiesd
inmediately after the [roezing aut

1n thawing and drying tho botleom of the ship in the constricted
arca of the under=keel fart,the burner i3 placed on a bage sultable
in heipht and ia moved mth the vase to tho sidess It lv nocesaary to
kesp in wind that the wator produced in this operation falls dirvectly
{nto the Lurner and quickly f£ills it. One must not persit the hot
sabar and oil to flow in the bottom of tha hole, ainece, in addition to
the welting of the ice by tho hot water, tho ico iy uven wors Jisiategraved
by the oil falling into the poreg lormed in the ices

Therefore it is nucessary to wateh conatantly the level of the
iquid in the roaster and from bixze to time carry tho roaster out to
thiek ice, empby it into a Lucket, and empty Lhe bucked outside the
1imits of the basin. To prevent the oll from dripping onto the mirror
of tce of bthz basin and to avold the chance splabhtering of fuel in
goneral, the surface of the ice of the hole should bu covered with a
layer of anow opposite those places where thuwlng or drying of the under=
waber part of the hull is belng carried out.

Upon completion of operations with the roaster this snow splattered
with oil should be removed immediately.

Urops and traces of oil noticed on the surface of the ice should

be carefully removed with a piek and the hole should be swept clean.

19. TPainting the Underwater Part of the Ship
Climatic conditions in the Arctic are unfavorable for painting ships,
since ships spend the greater part of the year in dampness, with sharp

changes in temperature.

CONFIDENT1AL
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7elatively warm and clear days, the west suitavle fer rainting,
in the period Lefere the beginning of the navigation season usually
alternate with cold and nisty days which often bring Snow and rain.
Thia peried lasta uevally {rom the middle of May until the middle ef
July.

The most [averable time fer painting the outaide swrfaess i the
second hall of this period, that is, alter the middle of Junes

In the Mirat hall of this pariod 1t i3 alzo posaivle to choose
a suitable time for ainting the supcrstrueturc and gunihales, out
the ship 3till cannot dry out suftietently, und the misty weather
ninders the hardening and drying ef the palnt.

The prodlem of painting the underwater part of ships is mueh
worsc. A majority of ships vased at polar ports are not rainted for
geveral years in a row,_:éa;a they luave dhe noghanizad Adock of a
large port, in 3;ite of the fact that their underwater part noeds
repainting cvory year Just as much a3 does thoe above=waker puarbs

The schooner Teump up Lo this time had not been in a dock since
{4 was built 4in 1931.  Only during the belated froezing out of the
stern part during the 1938-1936 vintering poriod the propellor and
rudder were hastily painted with reod lend, but the pudnt was quickly
washed off, since the hole wag flooded in the night following the
painting. At the end of the navigation scason no bLraces of red lead
were found on the propellors

Instead of paint on the surfase of the steel propellor thure were
discovered many traces of corrosion in the form of deep cavities, and
the edges of the propellor were so thin and had so many holes in them
that they could be broken off with the fingers. The desceribed condition
of the propellor confirms that the propellor was not affected by the
jce and consequently, the wear on the propellor was caused primarily by’
the oxidation of the metal in sea water. In measuring the length of

the worn blades and comparing them with the dimensions of a spare
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prapeller of the same size, it was found that ks ghortening of the
Llades r.ached 0=10 centimeters, Zeyond any doudt such waaring of a
sasuive steel propeller because of a lack of insulating paint could
take plaee to a eonsiderable degree over a jaried of =0 yoard.

Traces of deop corrosion vere alse discovered on the aurface of
the steel rudder and the iron [ittings of the sternpest and stems In
1937 we gave the propellor thrae coats of paint (two of red lead and
one of shite mineral pigment (belila) and the other wetal parts of the
underwater part of the ship reccived two eoats of red lead, Inopection
of the ohip after freezing out in 1936 showed Lhat on the amooth surlace
of the propellor the paint was proserved to a umall degree, out in
the corroded eaviting it was well preserved. The jaint runained much
Lettor on the rudder and on the stern fittings, and on the ramuing
fitting of the stem it was completaly worn off vy ice.

Those facts indicate that regardless of the thickness of the
paint applied, on the undorwater purt of bhu hull the paint laats
tor only one navigation period; conseyuently, the paint on the hull
should Le ronowed every yedrs

Only the froezing=oul purdod 1s the the time for painting operations
on the underwater jart of the ship, and as a result these operations
muzt oe carried out at low temperaturas. .

The whole process of painting consists of three basic, independent,
and simultansous operations:

1) heating the surface to be painted with burner and blow torches;

2) preparing and constantly heating the paint in a fireplace,
over a kerosene lamp, or even on a primus stove (pitch is heated over
a wood fire);

3) direct painting of tho underwater surface.

The labor must be divided up in accordance with these types of
worke

One group (not less than two persons) must constantly heat a

definite area of the surface of the hull to a heat which can be perceived
CONE‘IQ.&%N'HAL
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by toueh. Thig group also 3weeps the place to be fainted with urushes,
rags, or hemp fiber,

The second group jropares the painl, Lrings it to the heated
state (but not to the boiling point), and earries it to the place of
work. Paint pots which have cooled are Laken away for relieating.

The third group, right altar the first, dees the jainting with

orushes. for painting éperacions one unfailing condition i3 requireds
abgence of snowfall.

The painted surface ig undor the action of the positive tomperature
of tha 'eated paint for an extrenly short time, not more than hall’ an
hour, depending on tha temperaturo of the air, after which rapid cooling
Jebs in.

The 3hort-1lived action of thu huat 1g necessary for the solid
adhorance of the paint with the painted surface of the ships

In order to acculerate the process of Arying the paint at freezing
temperatures, periodic dvying or neating of the painted placus is
done Ly tho game nethods wiod for deying the hulle  1n order to acealerate
the drying of the painted propellor or rudder, their surfuaces are
heated with a blow toreh without buraing the palint.

Normal heating 1o achieved by moving the source of heat continually
bﬂ over the painted surface until the whole area is heated to the same

positive temperature.

Usually, heated paint or |iteh tukes on a frash appearance
from the surface such as it had when it was being applieds It takes
the same appearance under natural conditions of drying if the temperature
of the air changes from below freezing to above freezinge.

The more often the surface painted in freezing temperature is
heated, the more rapid will be the full drying of thepaints With
the purpose of even groater acceleration of the drying of the paint, a

double proportion of drying agent is mixed in the paint.
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Also, here it i3 eapecially neeesaary to pee that the layer
; of paint or piteh is spread as thin as passiblej khis is done by
brushing the painted gurface Lo a dull shade.

It ig absolutely not recommended that the raint be allowed to

cool or that a cold surface Le painted, even with hot paint, which
%uickly coagulates or clots, not joining with the surface of the metal
or wood. If paint 8o applied 18 neated or warmed from the outside,
it beging to run oll, and 4t is ‘uickly washed away in waters

In caulking wooden hulls it 1o as dirficult to achigve abgolute
drying of the caulking as it is to put it on im thin layers: in
cold weather it cools instently. In the aun caulking beconos liguid
and bhe excass layer of it beging to run oft. In water even undriéd
eaulking remains more aolid than, for instance, red leads In order

to inereage the solidity of caulking, it i3 useful to add animal or

fish fat (beet fat, seal fat, ete) in a proportion of not more than
8 porcont. Of cowrse, before caulking, Just as before any painting,

it i3 necessary to dry the swface of thu sheathing welle Caulking

of a damp woodan surface i3 completely useless.

20, The Exit of the Ship from the Ice Dock

\Wihen we [irst bogan freezing out bhe schooner Temp, LY medls of
the installation of the lce dock, there arose the danger that in the
gpring we would not get out of the bloek of frozen ice and in any
case would be late with the exit to the sea at the beginning of the
navigation period, since it would be necessary to wait a long time

until the thickness of ice surrounding the ship increased to 5 meters.

However, these dangers proved to be unfoundeds Thanks to the ice

dock the schooner Temp Wwag preparad for navigation earlier and better

e a3 e

o than other ships of Tiksi port and began navigation at the same dock
considerably earlier than the other ships. The basin of the ice dock

not only did not hinder the immediate exit of the ship into open waber,
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but on the other hand prometed it, The ice deck was [looded on g May 1937
by the natural methed, as a result of a aharp thaws Repair and painting
operatiens en the underwater part of the ship were finished in April.
Under=keel removal of ice continued until 30 April. The flooding began
wilh Lhe deepeat stern part of tha hole, at a depth of about Le2 meters,
from pitting of the surface of the lce by brine which had collected.
M firot the water came slowly through the pores which bad formed in
the ice, and then, as the orenings inereased, came more rapidly, and
finally, when tho weakened ice broke under the weight of the water, came
in the form of a cupola=shaped fountain.

In the course of about 1% hours the ice dock filled with water
to tho level of the sea. The undorwater part of the ship resting on
the supporta dropted into the water. Under the weight of tho water
and the ship the lce bogan to settle, and soon the whole basin vas
covered with water, [Further flooding of the surrounding ice was
pravented by a snow and ice ring 2 to L meters high formed from snow
drifts and piles of ice from the holes.

The ship, which had raised itsell avove the level of the ice to
a height of about one meter, settled. lowsver, 1t did not achieve
it3 novmal draft since the braces resting on strong ice not less than
one meter thick continued to hold the ship. For the normal Luoyancy of
the ship it was necessary that this ice nelt in the water and break
under the weight of the ship., This took place af'ter 10 days. When
thawing began and water appeared on the lce, we trenched the surrounding
jeco wall from the stern and along the bow, thus connecting with
circulating canals the f1looded hole of the ship with the water on the
surface of the ice. Tho water on the surface of the ice rushed into
the hole, the level of which was lower than the level of the lce.

The flow of the water on the surface of the ice contiaued until
all the water from the surrounding ice had flowed under the icej the

braces sagged, and the ship seemed to take a ﬁormal draft,
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‘lowever, in the last third of May, shen the engines was tested,

the ahip secarcely budged. Through the action of the propellor the ice

of the hole was even move disintegrated, and a majority of the timoer
From the braces and under=keel bedding floated to the surface. The

rennants of ice on the bottom and alonp the sides of the hole preased

tightly against the hull of the ship and provented it [rom meving
forward snd backiard,

only after several days, during the second toata of the engino,
the ship received free movement in a amall area of clear wutor at
the place of the hole, which had bLurned into & laite. avigatioen in
the port waters with flelds of friable weving ieo boecame jossible only
on 10 July. The schooner Temp loft the ring of tho Lasin freely; the
rings had divided trasversely opposito the diametric planc. The
schooner took jart in freeing ships of the barye fleot,

Approximatoly tho same picture of Plooding the hole of the ice
doek and oxit from it of the ship was repeated the [ollowing year (1938),
with the single difference that the {looding of the freezing out took
place 11 days earlier, on 2 April.

The ship, together with the ice of the basin, settled smoothly
to its normal draft and no sharp movements or dangorous heeling was
ovserved in the process.

on the basis of the given experience, all dangers in rolation to
removing the ship from the ice dock and immediate entrance of it into !
navigation are removed. |

Insofar as the difference between the non-moving lce dock and the
{loating dock results only in a slightly g;L' rise of the floating
v | dock, then, as a consaquence, the flooding and subsidence of the

t floating dock will take place somewhal slower, but in the same order,

as with the non-moving docks

21, [Preezing=Out a Vessel and Freezing Up lce.

Froezing out of a ship is closely connected with the process of i

the freezing of ice.
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The thinner the layer of ice, the mere intensive the rate ef
its freezing during & definite period of timg, and, genveraaly, ice

formation is reduced il there ig a thicker layer of jce and the cane

low tenpcrature Mring the same period of timo.
Ypeezing 15 2130 facilitated by the eleannesa of the suriace

Yy a lack of anow in the hole, and strengthening of the

layer of iew,
natural and artificial ventilation of the frsoging=-out area, whieh
i3 ¢rometed by a mera apacioud and open construetion of the holas
Qenaejuently, the Lasie conditien fov {ntenaive froezing of ico
18 the waintainauce of constant contact of tho surtace of tha water
with the most imy ortant and necessary factory of ica formation = air

at a low temperaturcs

To illuatrate whab tas been said, it 45 poasible to malic a

siinple experimont vith a nollow pipe [irwly closed al ona unds 1L

this end of the pipe §5 agunerged 1n watar Lo depth of guvaral

meborsy Leaving khe upper end open ter communication with tho cold uir,

in a short time we a411 notica the whole pipe i3 covered on the inside

Ath lee

1t +411 be possible to 2@ that a3 the depth {inersuses, the
layer of ice in the pipe is thinners 1f several pipes of differ=at
diawetors are gubnerged to thu same depth, at the same tenperature
conditions and during bthe asame longth of time of [reewing, the thick=

neas of the layer of ice frozen to the walls of the ripes will be

different ot the same dopthas 1L will Le approximately pr@portional Lo
the diameter of the pipes, that is, the larger the diamoter of the
pipe, the thicker and evener will be the rreezing of ice in 1t

ye can nake use of the latber condition in using the frceeing oub
method, for instance, in the case that one of the holes 18 floodeds

1n this hole we can gubmerge & small {ron gagoline can or geveral

empty dron £1ns, welghting them from above with some sort of load, 8O
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that the upper side i3 on the level of the waters Uy this wethod it

is passivle to ashieve quicker results in freezing a {loaded hole,

than, for instancu, {illing it with ice.

S 1€ [reezing out in the Aretic roculves +ide disteibution in slidp
b ropaly eperations, 14 must be aupposed Lhak nechanization of f[reesing
eut will inelude wanufacturing sectlona of atandard [iped, cylinders,
Monountable caissons, otCs, for aduibbing croled alr under thu hull
of the ahip, this all the more, ddace here the use of costly
refrigorating wachinee 13 net. poquired, and thare Jould ve sufidelent
naturul cooling.

{laving complete confidence in Creeqing oub ahips by reangd ol
sonatructing iee and loating rloeks for nacl ship separabely, wo ard
cenvinced that sultable rechanization of froeedng oub, Ay & meusure
to safeguard ships in the ice and as an ausiliary means of ship ropair,
can roplace to 4 conaideraple dogree thy costly dry docks, ylips,
floatin; locks, etcs in many arctic ports. Fpnezing out con Ve used
in any wintering rlaee of 1 ahdp far from porte In mochanization of
froozing=out oprralions the freezing=out poried can be reduced by
0=07 percent, that jia, instead of =0 montha the freezing oub ean be
finished in 2=3 monthae Under such conditiens it will be possibvle bto
of fect not only partial and madium repair on the underwater part of

the ship but alse gapltal repoir.

22, Ice Against Ice.

he idoa of cutting around the ice dock ocourred as & conseyuence
of obgervations of our freezing out of the schooner Temp. In March
as a result of the pulglng of the hele, the ring of the basin took
an inclined position. The links separated from the side of the ship
more than 0.5 meters and assumed an angle of about 30 degrees to the
horizontai plane. Lt became impossible to walk around the basin on
the slick ice. MNany ahort cracks, which in order to prevent water from

entering the hole it was necessary to freene up with wet snow, appeared

CONTIDHNT 1AL
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on the edge of the hele. It wag already toe late to effect the

T
i
;

eutting around of the Lagin under these conditiens, gince for this it

wauld have been recessary to cut through ice 3 meéters thick or at
the beglnning to remove a 2=1 meter mound of ice, so as to get

at the 1.0 seter layer of ice under it.

The frequent atorms and abundance of snow did not permit us to
remeve the onow to the lee side, Lurther from ihe ghip. It vag
necesaary b0 thraw it only out onte the basin, and thue promote even
larger piles. The vet snow bent the ice, sinking together with the
outside edge of ths basin. The dimension of the Lasin narrowed from
.8 netors to L moters, of which 2 netors was the yidth of the hole from
the side of the ohip, We could do nothing oxcept finish tho [roeiing
ont under these conditions. HWone the less, we were gucccasful in
carrying out the idea ol cutting around the basin tho same yewr under
olightly diff'erent conditions and with a different ship.

Under orders from the port I vas cent to the uykov Cape area
to examine the condition of the ships of”&ybkontora“(Fiah Oftice)
wintering thers and to take measures for their protection from damage
during the inndnent ice movement on the Lena idver.

Among the small fishing fleet of the division of Mybkontora" on
Bykov Cape there were left two schooners, Sever and Famyat! Oktyabrya,
which Lecause of their dimensions were difficult to haul out onto
Lhe shore with the facilities available locally. The ships should

nave left for winter quarters in a creek on the Lena ddver in the areu

of Bulun, at a distance of about 300 kilometers from the local tishing
groundss On these transfers they lost about a month of the ghort
.. ? navigation seagon and the best season for fish running, since they had
i to leave before the autumn ice run and freezing of the river and
1 return after the spring ice run.
In 1937 both ships were forced to winter in the ice navigation
channel, since they had delayed departing to the river until the

CONPIDRNGTAL,
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beginning of the iee run, whioh theew them bagk inte the narine gulf

U

eaat of dykov Uape. In deing this the sehooner wever Vasg foreed ente

a aaeal and leat ite propellor, put it was posaible to get the Famyat’

Oktyabrya to 8 deap Places The poworiul spring ice movement. thraatened
to erush the ships or throw them onte & dangeroud ahoals
At [irst it waa proposed that, beth ships ve frezen out and hauled
along the ice for several kilometers to @ 1ess dangurous places
Howaver, thig meagsuro eould Le carried out only on the schoonor Sever;
and under it it would have been neccasary Lo eut awey frozon grounds
The {reezing oul of the schoeoner Famyat!' Oktyabrya, becausc of
the insufficient gxperience of tl:.v workers Va3 flocded through the
side cracks in the nola. The guggestion of cutting a canal goveral
kilometers 1long along vhich the ghip could be carried to the ahore was
not practicable bocause of the extracrdinarily large volumo of works |
In rogard to the Jchooner uever, 1 rroposed that tho ship be
put on braces moved onto a {rame sth runnerg, dram with capstans

to a point a short distance fron the piven places The ship was to be

1left on Ledding and braces on the adge of the shoal, where tha water
vould freeze dovm Lo lhe bottem and the thicknesa of the ice would be
not more than 2 neberse In this place it was suggested paab ropulr
be finighed and the ship be prepared for navigation. 1In April, when 1
{ : ice freezing ended, the crew Wwag £o cut around the ghip at a distance
i of 10-15 meters from the ship. It was suggested that in calculating
the cutting, the direction of the cracks from the fipgt movement of
the ice be btaken into consideration s0 that at the beginning of the
jee movement the ouber ficld could Le separated easier under the

pressure of the ice resting above and, in its turn, resting on the

unmoving edge of jce on the shoal, might drift past the ship in the

genaral movement of the ice.

‘ In the ilce movement the schooner pamyat! Oktyabrya was Lo fall

| {nto the flow of the 4ce movement.. In order to protect the ship from
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the ice, we proposed that a eireulap trench be out acound it at a

i
i
!
[
¢

distance of 10-12 meters from its sides befere the beginning of the
ice movewent. The ship and orew at this moment were te be prepared
fop navigation, and jerhaps, for aoms drifting>t@geth@r with tho
ice throwm out Ly the river lee movemeant.

The eutting of ths baain in tho given ease was caleuluated on
the cemgactness of the iece of the basin encloaing the ship.

In the general mass of the ice drifting in the curront, such a
chunk of ice as formed the basin, abeut 3} reters thick, should have
remainad whola and jresented a aerious obgtaelo Lfor the thinner broken
feo, If thia shunk of ice werae [orced onto a 3zheal Ly the general
Arift of the iee and remalned theve, the hwurock would Lugin on its
rdges at aome distance frem the ship. The hunmocked lec in itu turn
should create gn obstacle to the outside pressure of the moving mass
of iea, protuecting in Lhis fashipn the ship until the end of the ice
movaments The icu cut out togaither oith the abip would rumain on the

shoal,

i
i
i
l
i
l
!
|
1

Caleulating Lhe thickueay of dhe artifically frouen lee of the
bloek 36t on the shoal ab not lewss than 3 reters when the ship has

a draft of 1.9 nectors, one would not have to worry avoub a solid settling

of tho ship an the shoal, since under its Lottom Lhare would be not
| ground, “ut ice 1.l meters thick.

The proposed measures were carried out. In Lhe Lhaws abt the
end of June the ship was already floating in its own hole, standing on
the shoal with the basin just like the schooner Temp in the non-moving
ice.

#hen the ice movement ended and an area of open water opened for
navigation, the crew blasted the righé:z} the basin with ammonal,

and the ship went into clear water. |
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In Just this fashien the ucheener seyer, accopding to calowlations,
w63 sungeasfully set an the edge of the lce of 4 sheal luping lee
farmation and #hen the f=mgter ice thawed, the ahip, havin_ a draft
of 1.7 muters, flosted frees Thws We werd shle to faplenent the idea
of oppesing a thick and compact layer of ice to a thinner and weaker
layer.

The preservation of bhe achoonser Pamyat! Oktyabrya Juring the
poﬁiod of ica moveuent thanks Lo the oubt=out haain 18 a wost posltive
fact., The achooner wag nule to wove pelatively smoothly with the
Lasin in eiftlng tooy In bl the prosaues of the drilting 1ee dd
not bear direetly sgaingt the alde el Lhw shif, but en tue wdge of tie
jeo af thi= baiin, which in !hicknoas seecadad by £0=100 pereent the
‘Micknoss of tho 2a,avate ahunks of jresadng fee. Thug, tha basin

ppasented far Lo ahidp sowsihlng 1ike a proteetive avmor against the

Llows and
From Lae eranple deseribad it Tollews Eiab tha plag of the Laasing
ﬂ}gnratei Prom L oulaide Lield, hua preat dwmgortancu in regurd Lo
prol etdng the ship frow dirent ouboide (ressuras of leey eopociully
undar condibions of iew novutunbs
seing in the [looded ‘wlo, bae sadp vag seme frocdom of novehiil
wate emmlbs 30, v dn sueh resbricted aren, in Bhe case ol i
strong [low or jressure from sutside, to assume & more favorable poultion,
clving way Letfore a dangerous Llow or prossures 4 ship bightly frouen
into ice which has pone into motion and ean cause dangorous eracks and
chipping directly ab the side of the ship is in a completely differont
situation,
e most serious and dangerous for the ahip is (ressure from
the sides, espocially when the ship has a deep draft, and pressure
against the diamebric tlanes of the ship is less dangerous. The bow
and shern Paskenings of the ship and the cheek hull formabion permits

the ship cither to break the ice and move to the side, or to rise onto
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the surface of the grushed rass of iees Under sueh pressure only
the yudder and propellor ean he Jazagale Under freasura frem the
aides and en ths Jiagenal, however, the ship, not being able to turn
and loan to Lhe side, can suller Lreaking, flattening, and wreaking
of the stpips of the sheabhdng ol the a3idos If the ship is lightenad
wy unleading snd the presiure Lear3 on the rounded jart of the bo?LOm,
then tho ship ean be foread oub anto the surface of tie ices LU the
[regsure, however, hears on the oylindeleal jart of ths loaded ahip,
e whole foreo of tho jresaurs frow tho siden abould we transfurred
onto the eress braces of the hull asseubly and i the Lracea are weak,
they w1l ve Lont and delormed, and as a result of this, the ahip will
108k

Thoro La ne Jdouut thub the leo wing of the vagin, belorc Lulng ;
eatrered under the Wloay of the surrounding icues, ghould take on ftaelfl %
Ihe continual praossures of Kl outaide mettum, Lhus jreveabtdng daisge
to tha alip

A serles of moverents and slipht changus in khe pesition of btae
ring of ‘i Lasin should not be raflectod on the hull of the shdp.

In any case, bhe ship in dpiftine dee, rrotocted by the thidekened
ming of the basin, will aliays be dn a move favoravle position thaa

vould be a ship inmovably prosved on Lrom the sidess

23. Protactling a Vescel in Drifting Iee.

From the deseribed methods and practical methods of deop freeeing
out of the schooner Tomp in an ice Jock and the cubbing out of the
pasin of the schooner famyat' Oktayabrya to create a sort of {loabing
ice dock, 1t is possible to assume that the method of protecting a
ship in deifting lce can be based on the adaptation and development L
of this experience. |

fhe technical measures for vhis purpose boil dovm to a simultane-

ous or partial utilization of all bhe above-mentioned types of working
un=-moving ice as a material serving, in the given case, to protect and

defend the ship from the moving mass of ices
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B Under cenditiena of maving ice we are net able, without
riaking preliminary leoding, te use the dee deck for the [wrpese of
aalp repair, we san 8ll the sama areate here semething like s [loating
dock to pretent the 3hip Prom audden Llews and jressure by the lce,

If the drifting ahip 12 loeated in a relatively larpe depth,
Jere Lhere 13 no danger of aet!liug en 3 aheal, thero 14 ne neeoasivy
Lor duop froezing, out.

The =entur of attention aheuld 9e concentratad on the thickoning
and reinlereing of the iee of . basin or al th: ldmdtud aeetion of
the ten field adjacent to the ahip.

Undar normal eenditions of free-ing out tha thickeniny ol the el
of the bauin, as 19 known, s aecldeved vy contdnuous Lrocuing of the
fen at various deepenings and gradually removing the thickoned layor
of few in *ho hole, Under =enditiens of drifting lea it i3 nucessary
to [reene o protostive zone uyaveral mekars thick, uuing short ;ariods
of quiet condition ef the ies, by venstrueting a barrler around the
surface bolny [rozen oul and periodienlly lekting water inside the
anov ringe

This method permits not only the utilization of the property
of the isolated thin layer of watzr to turn quickly into ice at low
tomperatures, bub also the use of already jrepared icu, of which an
abundanca can always be found on the spot, as a vonsiruction satoriale
Undor such conditions the water can be used only a a cemenbting
natorial and, as a result, it is possible to achleve a solidly frozen
mass which we by convention call "ice=concrobes"

To turn the so-called ice conerebe into a solid compact mass at
the same time wolded to the surface of the ice field, less time is
needed than for the hardening of the ordinary construction concretes

To achieve the pgreater solidity of the usual concrste structure,

the hardness or resilience of its various parts and connections, various
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construetion materials in the form of wooden and iire {rames, rail
Leams, ote, are used.

In Just this way similar naterials can e used for the rein=
forcement of the ice=conerate structure, the Lasie censtruction
materinly of whieh are ice, watar, and, partially, sneve ith uniform
fueceas the nccossary design caleulations such ag these fer the general
reinforeament of atrusturas, and also Lhese for the doparake ;arts
under prossure, blows, wrueking, ote., cun e used here,

The questdon ol aimilar +ashnieal ealeulstion ean be easily
jolved Ly sgpecialists in aonatruetion techneloyy.

Our task in tho . iven problum ia sasieally to direct atloution
of Bocial and econatruetion lLeelnieal thought o the possibilivy of
uslng the same ealculation mothods anl rakirialy in 2ongirushin, an
ice conereote utructure to proteet a deifling ship from dumoage as are
uge: in wodern engineoring in coneroto operationy,

This problem we jut forth as an expanaion of the snall experionce,
Norever in a somawhab Jdiifuront edrewnatance, achivved Ly ud.

The conatruetion of a protuctive lce=concrete ring i1l voil down
vasically to the following orerations.

Pirst of all i1 iu necossary to esbablish the dimensions of the
protestive lee sones Tho ddstance of the edge of the dee zone from
the ship should serve as the Lasis for planning the size of the zono.
It should be from 10 Lo 20 and nore mebors, depending on the condition
of the surface of tho dce and the hardness of the ice adjacent to the
ghip, and also depending on the tochnical facilitios and personncl.

The theoretically most favorable form for the protective ring,
capable of giving the maximum resistance under pressure, :E;h-be the
outline described by a radius from the conter of the ship.

However, such a form of protcective ring cannot always be
darried out in practice bacause of the broken surface of the ice, which
hinders the operations, and beecause of the Wweakening of the lece by

cracks in some one of the sectors of the ring,

(I)UNH'(DHJN'T[’A | 7

>
* '

Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100040-6




Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100040-6

CONFIDENTLAL |

z
g
!
;;

i ingufficient manpower, Therefors, instead ef the desired eutting

g out of a larpe eireular area, it ia often neeeasary to ruetrict
| oneself te an even zene cut out around the ship.

In any ease, independantly of the dimonaiona of the total area,
to be eut out, in the form of a eirele or contracted zone, it ie
nocessary everywhere to keep the surface of it3 odges omooth. The
vulping form of tha mdze of Lhe leo will premote batter manceuvrability
of the ien xass scparated from the general field, aapecially in
drifting amony Jisceniscted fialds. The oval fern of the edgu of the

protestive ring, laclking protuparances and pits, will have the minlmun

nubor of pointa of eontact or amp.agin, vith ths euter fia%d, and, i
consoquantly, will promote the unhinderod sliding: of the ndge of the
ring in movament. i

The jrosonce of the soparate chunks of ice of several ycars'
tormation frowen in the radius of the cut out zons or even of gsome
layers of pack iece may only promote the reinforcoment of the
protctive ring.

The discovery of narrow cracks in the workini area also cannot
gerve a5 an ohstacle to the construction of the protective barrier,
sines bhe small eracks will -uickly [rucze when they are separated
from Lhe outer field.

Aber the determination of th: ouber border of the proteebive

sone the prelininary treaching of tha ice around the indicated edge
can be bepun.

With a limited amount of labor it is not always possivle to
of fect simulbaneous work on the outer cub of the zone and inside at
the side of the ship. Therefore it is more expedient to finish the
oubside circular cutting of the ice first, and then Legin operations

at the side of the ship.
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In eutting qubt the iee it is also neeeasary ta leave links

during the operatien ta prevent prenature fMoading of the trench. In

this the lge thrown out of the trenah i3 placed in a 5014d oven wall

&
%
i
i
i

' Jleng the whols edpe of the planned zones

} Upen complation of the eircular cuttin, off tho trench, this wall ’
anat Le saturated lightly gith water unkil it turns into a aolld

frozen nass, This measurn 13 neceauary for Lhe reinfornding of the

auter adpga of the proteetive ving and to pobt vid of erackes ?
Purther, it s posaible to atart floading the teensh LY culting
theoughs  The aapurated edge of tha rrotoctive zoan shoulil aettle
somemkst, under the welght ol the frozen iec walle
T wrdor to retard the Freoeiny of tho aut=apround trunch, it
1g necessary Lo £411 4t vrlth anows
.hen the tce is quiet, 'the operation in constructing the inner
adro of the ice ring at tho side of the ahip can be delayod wntil

tne tirat ice novement.

Planning of the opoerations in this case muat be fond according
to the aysten of full Ireezing out, sarefully calculating it on
premature Cloodings Thorefore it is mest affsctive to reduce bhe
width of the hole from ene ho 2 acturs, keeping only a 20=-contineter
{ graduation of the banchess ror the widbh of the zone of the basin
we also leave not mope bhan 2 Lebers from the edge of the eircular
holes Direcily after the marked out outline of tha basin we bepin
the piling of ice pemoved in bthe hole, in which operation we place

it also in a continuous mags even in height, Just as abt the out er

e e AT R T O T

edpe of the protective zones
Upon completion of the first civcular removal of ice in the hole,

leaving its bottom a thin layer 15-20 centimcters thick, the circular

wall of cxcavated ice is also molstensed with water and frozen uncil
a solid smooth ice crust is formed on ite
Thus on the surface of the protective zone we have two linked

impervious ice walls, bhe height of which should not be less than -
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one meter,

Tf the ship has pewerful pumps, he Pree arsa hetwaan the walls
aan be fi1le! and Tronen in the course of ageveral dayas

Thao uge of tha indicated metho ]l of inamcanereting with the even

Matrduution of jropared Jhunks and piocews of dge en the area planned

fap tiulekentn; (frooein: ot tha ice Lo the rojuired Woignt) can oe

acatevad eonsiderably faghar.

Fop the full dmplementation of +hin rethod with thy nae of
prinforaln, consteuetion patesinls, it 40 nocauavy e i lace the
mateediala farst in tho toru of pavallel and Lrokan 1ineg on thw surface
of tha {'rez-m zeno uetween Mo walla, Juat like Lhe pramg of a heuse

uzad in coneretdnge
The eonatweuetion ul the {er=gonercha Lonu ean ot cons Ldured
prelindnarily riniahed 10 we suceesd in aytaining an evenly thickenod

aurface on tha wiiole ared af e peoteetive vonc Haterg bhe fue

movetunt e

The Proesdng of 'he {eg=gonerete can bo lonw eradually, in soparate
seakiong o snelomy, Ay Lo connaching raterinls ore prepured for it
In such o s.6tem the sork mush bz brgun on tha ueakeat zeehiong,

such ag hhose, fur dnushance, danaged vy Cracks, or Lith tne shinoest

fgee. 1L there dg not sufliciant reinfovsing cabepinl it 45 necessary
to place bhe mabarial as nas been reoonmended Lo roinforcing the basin
of the itce Cloating dock, and that ig, ngainst the middle and ends
of the shipe

The treezing cub of the ship should Ye conhinued as long as
possible, in o far as the quict ice sonditions permit, in order to
also achleve some thickening of the edges of the dce by the deepening
of the holes

When signs of the b eglnning of ice movenent are observed it is

nacessary first of a1l to cut all the links in the hole and cut oub

around the ships

‘ -9
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Under the welght of the [eazen igo the pretective ring should
agtkle to the level of ita soeal buoyaneys If in this thg normal
gattling of ths Q% talde ndgn of ’ho ring 23 h}vdzred uy;bhc {'rozen

s ;. gt w i pfAine
layep af dce urr‘L #“wasvat cJﬁ%iﬁZ} ;Equ40 r%ﬂEZxru;oL ige 36
intengive and 1L Snow qute dato the peeneh as a reanlt of the
rpequent, nettling of e bhichened edge of Whe ring, Lhees ahould not
peour caparlally w0lid Lroezing of thooub-r cdge ob the groteetive
ring with the outer fialds

Thg (peordng of tha arod of tho releetive ring cin b conlinued
in bhts wannee and Aa e cub=out fors uabil the lower edpe of it
peachg the level of the waorizantal plane of thw keel, which ean Lo
eat aylighed oy & auitable maagurdiny of the thicknesa ol the ica.

e basde purpoie and achion of tun roteckiva ring hag already
uren desariucd dn Tegerloing the auliod p the suheout rlnp of the
pazin of the gchooner Pagat b Gkbyabeyas cepe we have in view e
examitnbion of aevepnl posiliiaritics AP be rovawle action of the
thicker protoctive skpucture under mors difvioult conditions of
drdfting in hoavy dces

14 ig cvident that tao createst ol fcelivanesy can o« expeeted Lrom
the protoctive ring shef it 1s the thicikests T greatest tulekness
can be achieved only by frocuing a thick layer of foe exceeding the
thickneas of the icc of bne adjacent ice ficld uy perhags 100=-200
pereent

\e consider a tlilckness equal to the draft ol the tiven ship or
near to this draft as a suffictient limit for the bhicknesy of the
protective zones

The beginning of the useful action of the protective zone can be
considered the moment when 1ts lower edge sinks to the level of the
surrounding outlines of the bottom under the wolght of the total
masse

The protective ring under pressure of hﬂe ice may ohip, break in

two or into soveral separate pleces. Bach of such separate cakes of

CONFIDENTLAL

.

Declassified in Part - iti;
art - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100!
: - 040-6

e

v lbsiiat

AR .

bR .




"

&
H
[

\
\
1
|
l

e o e e e . ey

Declassified i - iti
ied in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R00010010004
: - 0-6

CONFIDHNTIAL

jee of tha proteetlve zone, grinding directly againgt the underwater
part, of the anip, in the rirat place will be pughed ﬁnder its bettonm
by the preasure of the surpounding ieeg, and this #ill hapren even in
the ease thab tha cakes of ige of Lhe froteative aona fall under the
a20ttom of the ship only te the level of the pleca surrowading the
di;iﬁ.

This will also Lo promotad by the gliding of the edgo, whieh we
have piveon a Levaled or wodge=shaped Lorm veeause of the venehed
design of the holes

Und.or fupther pressure the large eales of iec will serve a3 @
wodge shaped pressurd or lever vy meany of wiideh the ship will be
rregand oub anto the surface of the jce, and vill not press from
the aide, as might bo tha case if lee adjacent to tho ahip had no
dofinite forme

After tho reduction ol the pressure the ship can turn Lo the osdb
position, 1ike the broken parto of the protaochtive zong, 1f the jreusure

i3 sbrong, although of short durations
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MAX M EMPERAT

Alr Temperaturs

1936 _1917
Max Mn Max Min Max T
= 4ol =133 = 1.5 = 945 - -—
- 3.5 =25.,0 - 3.2 “14.5 - —
- 508 '3209 - 706 -20.3 - —
-, 002 —33.6 -9.0 -27|2 — -
-1305 '3801 "1709 -25.7 - -
=12,9 =271 =19.3 =274 - -
-10:6 "27.2 "1619 -31.0 L aad Laand
=21,6 =31.2 -21.9 -28,6 - -
"2401 "41.9 '24.0 -3100 - -
- 0‘2 -41.8 "27.1 "42.6 -19.2 -27.9
-31.2 -41.2 -18.7 -41.5 -19.5 -28.1
=-28,0 4.8 -12,1 =31,2 =20.4 =37.0
-26,5 =430 =17.1 =31.9 =253 =39.6
=19.3 =40.3 =10,7 =314 =222 =39.6
"26.1 "33-1 -19.8 -4109 "26.3 -‘201
-150 -3202 -2101 "40.9 -2006 -36-5
-23.2 -38u° -1901 -42.9 -1606 -33.4
"1100 -3616 - 8.7 -33.9 -10.7 -26-5
- 8.0 -210:9 - 5-2 -31.6 - 7.1 -28:9
- 9.0 -21.5 "'12.6 -32.9 -15.4 -21.9
- 5‘8 -20-9 - 6.3 “26-6 - 306 -1704
- l.A -17'2 7|° "18.3 "11.0 -18'0
2.5 - 8.0 449 =14.0 1.0 =12.4
1306 - 318 23.6 - 8.9 0-1« - 8.0
[] - 1.0 29.5 - 201 507 - 10[&
gog 092 10.5 - 200 518 bd 0.7
16,2 1.7 22,2 0.4 12.3 16,7
22,7 = 2.5 17.3 0.4 - -
8.8 1.5 12.5 L.l - -
16.7 3701 32.2 5!5 == -
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ICE THIOKNESS IN TIKSI BAY
Thi 8 e
Day 1935/36 1937 1938
8 . 1.0 1'5
1 n” 2.7 2.0
30 54 36 4
8 46 57
2 2 Cos 68
30 80 & &
oL m 105
2 113 92 12
30 120 114 13
122 125 U3
28 127 138 145
30 135 15 133
% 182 169 162
28 187 175 177
1 178 187
ég 232 185 205
o 213 196 209
217 197 211
%8 221 198 216
30 222 200 a7
222 202 220
%8 221 200 219
20 218 197 216
10 180 120 175
§8 % ‘ 60 65
10 c1l e‘ ar Water
20 n "
30 " "
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Plen for the Eatural Free
'E“:..;ln::ai:g Freezing-Out Operations in Tiksi Bay (
FPeriod of Freesing and Removel O
iber Days
October 31 Deys Hoven! 30
reezing Freezing
of the in the
hole Removal the hole field

Deys of freezing
the month in the field

R!“:"E.\Dm—l G\U\-ﬁ'ul\)h’
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oval of Ice When
in centimeters)

December 31 Days

Freezing Freezing
oot of the in the

Removal the hole field hole

M
31
o
u3
b
29

3
35
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Deepen—
of

120

160

180

Jamuery 31 Deys

Freezing Freezing
of the in the
Removal the hole field hole Removal the bole

s IRIEE T RE

30
33

31
4o

43
&7
3
36
39

20(¥ol1)

20(¥o12)

20(xol3)

20(501%)
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Calendar Plan Q'QQI natnralrmg:‘:i‘n: 1!6:1 Removal of Ice When
Executing Freezing-Out Operations in Tixsi Bay (In centimeters)

Period of Freezing and Removal of Ice

February 28 Deys March 31 Days April 30 Deys MNsy 31 Days
Freezing Freezing Deepen- Freezing Freezing Deepen- Freezing Freezing Despen- Freezing Freezing Deepen-
' Days of of the in the ing of of the in the ing of of tne in the ing of of the in the ing of
the month field hole Removal the hole fiela hole Removal the hole field hole Removal the nole field nole Removal the hole
1 1514 h5 179 50 210.3 k2 2184 5b
2 154.8 4g 181 53 20(5019) 380 210.6 W 218.6 57
3 155.2 51 183 36 210.9 ho 218.8 58
L 155.6 54 185 39 211.2 48 29 59
5 156 57 20(Eol5) 300 187 42 211.5 50 10(No24) 470 215.1 0
6 156.4 %0 189 I5 211.8 4o 219.2 61
1 156.8 43 191 4g 212.1 Ly 219.3 62
8 157.2 y7 193 5L 212.4 46 29.% 3
9 157.6 50 195 ok a212.7 48 219.5 b
10 158 53 20(Nob) 320 196 47 20(No20) 400 213 5 10(Xo24) 480 219.6 5
1 158.% 36 197 4o 213.3 42 9.7 bb
12 158.8 39 198 L3 213.6 uy 219.8 67
E 13 159.2 k2 199 ko 213.9 46 219.9 [ 3
= 1 159.6 55 200 L9 2142 hg 220 69
15 160 kg 201 52 2145 50 10(Ho2t) 490 220 70
1o 160.4 51 20(Nol7) 340 202 55 214.8 ho 220 70.5
17 160.8 3n 203 58 20(No21) 420 215.1 uy 220 n
18 161.2 37 204 41 215.14 kb 220 n.s
19 161.6 40 205 Ly 215.7 uy 220 T2
20 162 43 205.5 47 216 50 10(Ec27) 500 220 72
21 163 4o 206 50 216.3 42
22 163 49 206.4 53 216.6 uy
23 167 52 20(Hol8) 360 206.8 5b 216.8 4o
2k 169 35 207.2 59 a7 Lg
25 mn 38 207.6 62 20(Ko22) ko 227.2 50
26 173 138 208 45 217.4 51
21 175 Wy 208.4 4g 217.6 52
28 77 47 208.8 51 217.8 53
29 - -— 209.2 54 218 5k
30 - -_— 209.b 51 218.2 55
3 210 80 20(¥o23) M460
(W(T‘RTW[DF‘N TIAL
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Table 3
Deepening
of Hole v Norm for producticn in cubic meters per hour
(in om) for each number of men
1 F] 3 4 5 6 7
First Category
100-200 0.8 1,6 244 3.2 440 0t 5.6
200-300 0.7 1.4 2.1 2.8 345 4o 49 .
300=400 0.6 1.2 1,8 2.4 3.0 3.6 42 s
400-500 0.5 1.0 1.5 2.0 2.5 3.0 3.5 é
Second Category ;i
100-200 0.7 1.4 2,1 2,8 3.5 42 449 £
200-300 006 1.2 108 2.4 3.0 3.6 4.2 '33-
300-400 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4
400=500 0.4 0.8 1.2 1.6 2.0 2.4 2,8 ?
4
. Third Category %
' 100-200 046 1.2 1.8 24 3.0 3.6 4e2
: 200-300 0.5 1.0 105 2.0 2.5 . . 300 3.5
300=400 0.4 0.8 1.2 1.6 2.0 YA 2.8
Aj 400-500 003 006 009 1.2 - 105 . 108 2.1
by n
i Note: Norms are given without mccounting for removal of Lce from working area,
; but ineluding cleaning and sweeping of the hole, )
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o
Elements of Ships and of Ics Docks for Them

- t Eemowal of
Type Ship and Lengtl Beam Draft Coefficient Specific Displ DAff in Density

" displacement of ice (in cubic
i i (in of gravity (in tons) sp’
Sloé 1oe dock lg;:rs) ::tlers) meters) Displacement of water of ship and dock t'ee meters)
’ I 3 T § v D DD, " v
iotor y2 1.03 4ol 35 0.9 g3
Shi; 3.2 1-8 3.8 0. 435 0.9 ne3
b l:oc:::ner Icepdnek 36.2 12.8 .2 o.42 1.03 836
) Propel 10 3.7 0.4b6 1.03 182 - _._- —
c‘_rivenlznr; %tpan& ;g 15 31 0.46 1.03 1,445 663 0.9 31
- 1 5.0 0.52 1.03 2,682 — .:_ 1-..__
N - - 5.5 0.52 1.03 w227 1,545 9.9 ni
6 —_— -— -—
0 10 4.0 0.75 1.03 2,15 s Py N
. ?r::‘;t::m ?«::pdock ;5 15 4.5 0.75 1.03 3,898 1,77 o
Ship 56 o 3.5 0.90 1.03 lz:l:psz 2._22 o—.g -55%
Earge Ice dock 6l 19 1.5 0.90 1.03 .
' co

o 2 : - . .
e (ot [ ar e ovat o oiooee SO o OO OR000 001000408



